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I.  INTRODUCTION 


I . 1  Problem  and  Scope 

Experience  hes  indicated  that  "water  is  nature's  answer  to  the  problem  of 
controlling  and  extinguishing  fire  -  it  is  universal"  (1,  p.  19).  However,  fire 
fighters,  fire  protection  engineers,  building  officials,  fire  suppression 
equipment  personnel,  civil  preparedness  personnel  and  insurance  company 
representatives  appear  to  disagree  on  the  requirements  for  the  adequacy  and 
application  rates  of  water  for  fire  extinguishment.  This  disagreement  is 
evidenced  by  the  multitude  of  published  standards  or  criteria  for  determining 
water  supply  requirements  for  routine  fire  suppression  operations  and 
operations  in  natural,  civil  disturbance,  or  national  emergencies. 

Water  supply  for  fire  protection  is  usually  expressed  as  the  quantity 
of  water  required  to  extinguish  a  fire,  control  a  fire  to  the  place  of 
origin,  or  to  provide  exposure  protection  (2).  The  application  of  water 
to  achieve  one  or  a  combination  of  these  objectives  includes  hose  streams 
and/or  automatic  water  base  suppression  systems.  In  addition  to  the  base  water 
demand  requirement,  consideration  must  also  be  given  to  the  rate  of  flow  and 
the  duration  of  flow  for  specific  problem  situations. 

One  literature  source  indicates  that  the  quantity  and  duration  of  water 
supply  for  the  protection  of  buildings  and  structures  considers  the  variables 
of  construction,  heights,  areas,  occupancy  fuel  load  ana  exposure  factors  (3). 
These  variables  represent  basic  considerations  in  building  codes,  published 

standards,  ordinances  and  emergency  preparedness  documents.  It  follows  that 
★ 

Numbers  refer  to  references  noted  at  the  end  of  this  report. 
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the  building  codes,  standards,  and  special  civil  preparedness  criteria 
have  botlt  a  direct  and  indirect  impact  on  water  aupply  requirements  for 
fit*  protaction.  This  relationship  ia  not  specifically  documented  in 
the  literature,  nor  ia  the  acopa  and  apacificity  of  the  diffarant  criteria 
clearly  undaratood.  Furthermore,  a  comparative  analyaia  of  water  aupply 
requirement*  between  building  codea  and  special  civil  preparadneaa  criteria 
doea  not  appear  in  tha  literature. 

Thia  study  evaluates  water  aupply  demand  requirement  a  for  buildings  and 
structure*  with  special  reference  to  both  building  code  criteria  and  civil 
preparedneaa  criteria.  The  following  study  phases  outline  a  systematic 
approach  to  thoroughly  examining  water  discharge  rates  and  water  supply 
duration  for  meeting  the  alternative  fire  safety  objectives  of:  l)  fire 
control,  2)  fire  extinguishment,  and  :\)  exposure  control. 

I . 2  Research  Plan 

This  study  is  divided  into  six  phases.  Rach  of  these  phases  are  presented 
in  this  report  in  an  individual  section  with  the  exception  of  Phases  I  and  VI 
which  were  combined  for  the  purposes  of  this  presentation  only.  The  six 
phases  are  briefly  described  below: 

Phase  1:  Ih  occupancies  and  complexes  ate  selected  for  comparative  study 
purposes.  An  appropriate  hypothel ical  building  or  complex  for  each 
is  suggested. 

Phase  11:  A  theoretical  approach  to  fire  flow  requirements  is  considered. 

The  heat  transfer  characteristic*  of  water  ia  presented  relative  to 
its  fire  suppression  capability  for  fires  in  structuies  involving 
predicted  rates  of  heat  release  of  ordinary  combustible  material*. 
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Phase  III:  Existing  techniques  for  calculating  fire  flow  requirement* 

are  identified  with  the  background  of  each  technique  briefly  described. 
Four  of  the  more  appropriate  technique*  are  suggested  for  further 
examination. 

Phase  IV:  Water  supply  requirements  for  domestic  use  and  fire  protection 
needs  are  evaluated  considering  the  conditions  of  crisis  relocation 
on  a  potential  host  community.  Potential  sewer  capacity  requirements 
are  also  addressed, 

Phase  V:  Model  building  code  regulations  are  applied  to  the  selected 
occupancy  and  complex  types  relative  to  general  requir-wonts 
pertaining  to  maximum  height  and  areas,  etc.  Methodologies  for  fire 
fire  flow  and  domestic  use  requirements  are  presented  and  compared 
for  the  largest  buildings  permitted  by  the  model  building  codes. 

Phase  VI:  Fire  flow  and  domestic  use  requirements  are  applied  for  the 

hypothetical  buildings  proposed  in  Phase  I  Water  supply  requirements 
for  domestic  use  are  compared  to  those  relative  to  fire  protection. 


3 


II.  Theoretical  Calculation  Approach  for 
Determination  of  Fire  Flow 

2.1. 

The  objective  of  thia  phaae  of  the  study  is  to  develop  a  theoretically  based 
method  to  calculate  the  fire  flow  required  to  control  an  assumed  compartment  fire. 
This  approach  considers  the  thermal  characteristics  and  heat  transfer  mechanisms 
of  the  compartment,  the  extinguishing  agent  and  the  fire. 

2.1.1.  Considerations  of  Approach 

Firs  flow  is  defined  for  this  study  as  the  rate  of  water  which  must  be 
applied  on  a  fire  in  a  compartment  to  achieve  control.  For  this  project,  the 
criteria  for  the  achievement  of  control  are: 

1)  Total  absorption  of  the  heat  release  rate  from  the  fire  by  the  water 
application  rate  and 

2)  Reduction  of  the  upper  room  air  temperature  to  400°F. 

Complete  absorption  of  the  heat  release  rate  from  the  ftre  results  in  the 
loss  of  a  primary  energy  source  delivering  heat  to  the  available  fuel  for  com¬ 
bustion.  However,  even  with  the  elimination  of  the  main  energy  source,  a  sub¬ 
stantia)  amount  of  energy  may  be  stored  by  the  heated  air  within  the  compartment. 
This  energy  could  be  delivered  to  the  available  fuel  to  sustain  combustion. 

Thus,  the  second  criterion  is  included,  which  considers  that  the  air  within 
the  compartment  will  be  cooled  to  the  extent  that  the  air  will  not  he  capable 
of  delivering  sufficient  heat  to  sustain  combustion.  The  specific  temperature 
of  400*F  was  subjectively  selected  with  the  Justification  being  that  the  ignition 
temperature  of  most  cellulosic  fuels  is  In  the  vicinity  of  400°F.  These  two 
criteria  chosen  to  describe  control  conceptually  agree  with  those  selected  by 
Ball  &  Pietrxsk  (4). 
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2.1.2.  Limitations  anti  Assumptions 

Son*  major  constraints  on  the  formulation  of  this  approach  relate  to  the 
utility  and  applicability  of  the  approach.  The  potential  user  of  the  technique 
may  have  a  limited  knowledge  in  fire  protection  or  have  low  analytical  skills. 
Further,  the  method  should  not  require  a  largo  expenditure  of  effort  or  a  great 
deal  of  training  as  a  prerequisite  for  use.  The  propcsed  technique  must  be 
applicable  for  a  wide  range  of  occupancies,  whether  In  the  planning  stage  or 
after  being  occupied. 

Due  to  these  constraints  several  assumptions  arc  required  to  simplify  the 
technique  and  to  assure  general  applicability.  These  assumptions  are  listed 
below: 

1.  Combustion  of  the  fuel  is  assumed  to  occur  with  the  reactants  combining 
stoichiometrically.  (see  section  2.2.3) 

2.  The  quantity,  is  assumed  to  be  1,500  Btu/lb.  (see  section  2.2.4) 

3.  The  compartment  fire  is  in  the  primary  burning  stage.  (see  section  2.2.4) 

4.  The  upper  room  air  temperature  is  uniform.  (see  section  2.2.7) 

5.  The  emissivity  of  the  room  is  uniform  ns  are  other  heat  transfer 
parameters  for  the  room.  (see  section  2.2.7) 

6.  The  eminsivity  of  the  flame  is  1.0  and  the  area  outside  the  compartment 
behaves  similar  to  a  black  body.  (see  section  2.2.7) 

7.  The  flames  fill  the  entire  room.  (see  section  2.2.7) 

8.  Sixty-seven  percent  of  the  applied  water  reaches  the  vicinity  of  the 
fire  and  75  percent  of  that  evaporates.  (see  section  2.3.2) 

9.  The  heat  loss  required  to  cool  the  upper  room  air  temperature  to  400°F 

is  negligible  compared  to  the  heat  release  rate  for  fuel  controlled  fires, 
(see  section  2.4) 

2.2.  The  Potential  Fire 

Examination  of  the  potential  fire  is  divided  into  two  areas.  The  first  area 
consists  of  a  review  of  the  fundamentals  of  combustion.  This  review  is  followed 
by  a  discussion  of  the  Interaction  between  the  fire  and  the  compartment. 
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2.2.1.  Fundamentals  of  Combustion 

Th«  combustion  of  any  fuel  la  simply  an  oxidation  reaction.  The  combuatlon 
proceaa  of  wood  haa  been  extenalvely  studied,  aa  reported  by  Harmathy  (5),  Thomas, 
Heaelden  and  Law  (6)  and  Qulntlere  (7),  The  reaction  of  wood  and  oxygen  la  rspre- 
aented  by  the  following  chemical  equation,  aa  presented  by  Babrauakaa  (8). 

C  H  0  +  0.32  (0  +  3.77  N  )  -*■  0.32  CO  +  0.23  H0  +  1.21  N 

•  5  2  •  I*  6  .  2  2  2  2  2  2  2 

Mixing  wood  and  oxygen  obviously  does  not  guarantee  combustion.  Celluloslc 
fuels  must  be  heated  sufficiently  to  release  flammable  vapors  before  combustion 
occurs.  This  process  Is  termed  pyrolysis,  which  is  similar  to  "cracking"  or 
breaking  the  cellulose  molecule  into  other  hydro-carbons  for  combustion.  The 
amount  of  heat  required  for  this  process  is  labelled  the  "heat  of  pyrolysis." 

This  initial  amount  of  heat  has  been  addressed  by  Kasbash  in  his  fire  point 
theory  for  solids  (9),  which  is  analogous  to  flash  points  for  liquid  fuels. 

The  quantity  of  heat  required  is  dependent  on  the  material  thermodynamic  and 
heat  trunsfer  properties  of  the  fuel. 

Heat  Released  by  Combustion 

The  heat  of  combustion  is  the  amount  of  energy  released  by  unit  mass  of  the 
fuel  undergoing  "perfect  burning."  One  important  consideration  is  the  percentage 
of  the  total  heat  of  combustion  released  through  combustion  of  the  material.  If 
a  material  is  perfectly  burned,  then  the  percentage  of  the  total  heat  of  combustion 
which  is  released  would  be  100  percent.  The  reaction  would  he  perfectly  efficient 
and  only  occurs  if  the  reactants  are  exactly  mixed  in  the  proper  or  stoichio¬ 
metric  ratio  (according  to  the  chemical  equation). 

From  empirical  evidence  presented  by  Kawagoe  (10),Beyler  has  determined  that 
even  with  the  proper  ratio,  the  heat  released  is  only  about,  68  percent  of  the 
heat  of  combustion  (ii).  This  low  percentage  of  energy  released  is  attributable 
to  poor  mixing  of  the  air  and  flammable  vapors. 
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A  classical  view  of  combustion  theorizes  that  the  heat  released  by  the  fire 
is  fed  back  to  pyrolyse  virgin  fuel.  This  has  been  demonstrated  by  Rasbash  (9) 
among  others  for  solid  fuels,  Bullen  (12)  for  plastics  and  traditionally  for 
liquid  fuels  (S).  However,  Harmathy  (5)  discusses  an  apparent  discrepancy  for 
the  case  of  wood.  Harmathy* s  disagreement  with  the  heat  feedback  concept  is 
appropriate  for  a  portion  of  partially  charred  wood,  but  does  not  appear  to  be 
appropriate  for  a  new,  uncharred  segment  of  wood.  Thus,  this  heat  feedback 
theory  is  considered  appropriate  for  the  general  case,  e.g.  liquid  and  solid 
fuels,  including  previously  uncharred,  unpyrolyzed  wood. 

2.2.2.  Interaction  of  the  Fire  and  the  Compartment 

The  compartment  plays  an  important  role  in  the  heat  feedback  cycle,  with  the 
heat  generated  by  the  fire  being  returned  to  the  fuel  by  means  of  convection  or 
radiation.  Convection  is  dominant  in  horizontally  transporting  energy  from  nearby 
flames  to  new  fuel,  according  to  Rasbash  (9)  and  Corlett  and  Williams  (13). 
Radiation  from  the  flames  heats  the  air  in  the  enclosure  and  the  walls  of  the 
compartment  in  addition  to  unburnt  fuel,  which  in  turn  reradiate  energy  back  to 
the  fuel,  as  shown  by  Quintiere  (7).  More  importantly,  the  compartment  regulates 
the  amount  of  air  which  the  fire  receives  for  continuing  the  combustion  process. 
The  amount  of  air  delivered  to  the  fuel  is  a  key  factor  in  determining  the  heat 
release  rate  by  the  fire. 

Ventilation  Controlled  Fires 

An  insufficient  quantity  of  air  inflow  causes  the  fire  to  be  "ventilation 
controlled,"  in  which  case  the  rate  of  burning  is  directly  influenced  by  the  air 
flow  delivered  to  the  fire,  according  to  Thomas  and  Nilsson  (14).  A  ventilation 
controlled  fire,  which  cannot  burn  perfectly  because  of  the  insufficient  air, 
releases  partially-oxidized  combustion  products,  such  as  carbon  monoxide.  Be¬ 
cause  of  the  Insufficient  air  flow,  the  upper  room  air  temperature  can  be  ex¬ 
pected  to  be  higher,  as  less  air  is  available  to  act  as  a  convective  medium  for 
cooling  (IS). 
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Fu«l  Controlled  Fires 

A  fuel  controlled  fire  results  If  sn  adequate  or  greater  than  adequate 


supply  of  air  flow  Is  delivered  to  the  vicinity  of  the  fuel.  In  this  case, 
the  rate  of  burning  Is  directly  Influenced  by  the  fuel  type  and  geometry  (14). 
Vlsich  showed  that  compartments  with  fuel  controlled  fires  tend  to  have  lower 
air  temperatures  since  the  air  supply  Is  greater  for  cooling  than  that  for 
ventilation  controlled  fires  (16). 

2.2.3.  Determination  of  Control  Mechanism  of  Fire 

A  recent  method  by  Coulbert  (17)  for  distinguishing  between  ventilation  and 
fuel  controlled  fires  examines  five  Relative  Energy  Release  Criteria.  Through 
an  investigation  of  these  criteria  (specifically  the  fuel  surface  area  and  venti¬ 
lation  criteria)  the  more  dominant  criterion  can  be  determined,  thereby  concluding 
that  the  fire  is  ventilation  or  fuel  controlled.  However,  this  technique  is  still 
in  a  developmental  stage. 

Harmathy  (3)  presents  a  more  traditional  approach  for  distinguishing  between 
fuel  and  ventilation  controlled  compartment  fires.  This  is  performed  through  an 
investigation  of  the  ventilation  parameter,  <)>.  This  parameter  is  determined  by 
the  following  relation: 

4>  ■  60  p  g1*  A  h  ** 
a  °  w  w 

where  p  *  0.081  lb/fts 
a 

Substituting  for  p  and  g, 

<j>  -  27.5  A  h  **  [1] 

w  w 


Equation  {1}  is  applicable  for  any  compartment  with  one  ventilation  opening. 

Pt 
% 


If  multiple  openings  are  present,  then  the  proper  equation  is: 
n 


<t>  -  27.5  l  A  .  h  . 

,  wt  wt 
t-i 

where  n  is  the  total  number  of  openings  in  the  compartment. 

The  exposed  surface  area  of  the  fuel,  A^,  within  the  compartment  must  be 


^V— 'J. 


A. 


rarrwftimwy  **  \tw  *n  «r  T>ffVH?n»Tft.-  - 


determined.  After  calculating  $  and  ,  th«  fir*  is  determined  to  be  fuel 


controlled  1ft 


In  this  case,  the  rate  of  burning  Is  evaluated  by  the  following  relation: 
R  -  .076  Af  [2] 
The  compartment  fire  is  determined  to  be  ventilation  controlled  if: 

*  <  3.22 


In  which  case  R  is  given  by: 

R  «  .0236  <j)  [3] 

Substituting  for  <j>  from  equation  [1] , 

R  "  *649  Aw  [4] 

This  quantity  is  the  English-unit  equivalent  of  Kawagoe's  findings  (17): 

R  -  330  A  h  ** 
w  w 

It  should  be  noted  that  Harmathy  indicated  that  the  division  between  ventilation 
and  fuel  control  may  not  be  distinct,  rather  is  separated  by  a  region  described  by: 
2.88  <  *  <  3.55 


Within  this  range,  fires  may  be  either  ventilation  or  fuel  controlled.  Sub¬ 
sequent  studies  should  compare  the  resulting  rates  of  heat  release  for  ventilation 

control  and  fuel  controlled  fires  with  identical  ratios.  It  may  be  desirable 

Af 

to  pesslmize  the  results  within  this  range  by  selecting  the  control  mechanism 
yielding  the  higher  heat  release  rate,  which  in  turn  will  require  a  higher  fire 
flow. 


Babrauskas  defines  the  heat  release  rate  from  combustion  proceeding  atolchio- 


metrlcally  as: 


*  ’  (m) 
■  rn_  v  r  / 


where  m  -  3.70  A  AT  from  Kawagoe's  work  (10). 
a  w  w 
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The  variable,  r,  la  defined  from  the  chemical  equation  aa  being  the  amount  of 
mass  of  air  to  be  combined  with  a  unit  mass  of  fuel  for  stoichiometric  combus¬ 
tion,  aa  given  below: 

1  lb.  fuel  +  r  lb.  air  *►  (1  +  r)  lb,  products. 

The  rate  of  burning  R,  and  the  air  Inflow,  m  ,  are  related  by: 

& 

-  m  »  R 
n  a 

Where  n  ia  the  ratio  of  the  actual  fuel  to  air  ratio  to  the  stoichio- 
metrically  defined  fuel  to  air  ratio.  For  wood,  ^  «■  5.7  and  is  dependent  on 
the  fuel,  as  ia  the  heat  of  combustion,  AH£.  However,  examination  of  Table  2.1 
indicates  that  ^~^is  basically  independent  of  the  fuel. 

Babrauskas  also  states  that  the  highest  room  temperatures  and  total  heat 
generated  are  present  if  combustion  takes  place  near  stoichiometry.  Thus,  for 
ventilation  control  fires,  equation  [5]  is  suggested  for  use,  which  assumes 
stoichiometric  combustion.  This  assumption  greatly  simplifies  the  expression 
for  heat  release  rate  and  also  incorporates  a  factor  of  safety  by  assuming  the 
most  severe  case. 


Table  2.1  Fuel  Combustion  Properties  (5.  p.41) 


Fuel 

AH  (Btu/lb  fuel) 

^Hc(Btu/lb  air) 

_r 

n 

Wood 

c  8,460 

r  1,475 

5.7 

Polyethylene 

19,800 

1,370 

14.5 

Polystyrene 

18,000 

1,370 

13.1 

Polyurethane 

10,260 

1,385 

7.4 

2.2.4.  Rate  of  Heat  Release  -  Ventilation  Controlled  Fires 

Using  Equation  [5]  and  substituting  for  m  ,  the  equation  for  the  heat  r«- 
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lease  rate  for  a  ventilation  controlled  fire  is: 

<F  *  <3-7  \  1500'  n  h\  («> 

The  value  of  1,500  Btu/lb-air  for  v.  r  /  is  selected  to  pessimism  the 

results.  Equation  [6]  becomes: 


4p  -  5550  ^  VT  [7] 

Examination  of  thia  aquation  indicates  that  the  rate  of  heat  release  is 

AH 

independent  of  the  fuel.  Beyler  (11)  indicates  that  the  quantity  is  inde¬ 

pendent  of  the  moisture  content  (in  the  case  of  wood)  and  also  of  the  efficien¬ 
cy  of  combustion.  This  latter  conclusion  indicates  that  the  assumption  of 
stoichiometric  burning  actually  is  of  limited  consequence. 

There  are  two  principal  stages  of  a  ventilation  controlled  compartment 
fire,  as  suggested  and  described  by  Harmathy  (5).  The  primary  stage  is  that 
stage  after  which  the  fire  has  become  self-sustaining  and  is  characterised  by 
a  constant  heat  release  rate.  The  primary  stage  continues  until  approximately 
70  percent  of  the  fuel  has  been  consumed.  The  secondary  stage  follows,  in 
which  the  heat  release  rate  slowly  decreases  to  near  zero.  The  primary  stage 
has  the  highest  rate  of  heat  release  and  thus  will  be  assumed  to  be  the  stage 
in  which  extinguishment  is  attempted.  As  is  discussed  later,  the  fire  flow 
is  directly  proportional  to  the  heat  release  rate  thus  by  selecting  the  highest 
possible  value  another  conservative  assumption  is  maae. 

The  constant  rate  of  heat  release  observation  agrees  with  the  work  by 
Coulbert  (17).  Pettersson  (18)  verified  thst  the  burning  rate  equation  (equa¬ 
tion  [4])  is  accurate  for  most  enginsering  applications. 

2.2.5.  Rate  of  Heat  Releess  -  Fuel  Controlltd  Fires 

The  heet  release  rate  for  a  fuel  controlled  compartment  fire  is  given  by: 

$F  -  R(AHc)  [8] 

Substituting  R  from  equation  [2] 

-  (.076  Af)(AHc)  •  610  (y)  Af  [91 

Thia  aquation  la  fuel  dependent  end  is  also  mors  tedious  to  utilise  ea 
calculation  of  the  surface  area  of  the  fuel,  A^,  and  fuel  composition  factor, 

Y,  may  be  tedious. 

The  fuel  composition  factor  is  related  to  the  percentage  of  the  fuel  which 
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la  non-calluloelc.  If  all  of  tha  fual  In  the  compartment  la  celluloalc,  y  la 
1.0.  If  tha  fual  la  not  aolaly  celluloalc v  than  y  1*  uaad  to  avaluata  an 
avaraga  haat  of  combuatlon  for  the  apace.  For  example »  if  half  of  the  fual  la 
aynthatlc  with  a  haat  of  combuatlon  of  16,000  Btu/lb  and  half  la  cellulo8lc 

(heat  of  combuatlon  of  8,000  Btu/lb),  then  y  la: 

.  >1(16,000)  +  (8,000)  . 

Y  8,000 

The  use  of  this  factor  aaaumaa  chat  non-cellulosics  turn  at  tha  same  rate 
as  celluloalca.  This  has  been  shown  not  to  be  totally  valid  (12)  however,  soma 
approximation  technique  Is  necessary  to  evaluate  a  rate  of  heat  release  for 
the  compartment  for  this  study.  As  an  approximation,  the  averaging  technique 
utilizing  the  fuel  composition  factor  Is  considered  to  be  valid.  However,  due 
to  the  lack  of  general  validity,  this  procedure  should  be  avoided  if  possible 
by  assuming  y  ■  1.0.  This  assumption  is  recommended  In  instances  where  a 
majority  of  the  fuel  In  the  compartment  Is  cellulosic. 

2.2.6.  Energy  Balance  Equation 

The  energy  balance  for  a  compartment  fire  Is  given  by  Kawagoe  (19)  as: 

4  -  +  0R  +  $  L  +  $  a  +  $  H  [io] 

where 

$  ■  heat  release  rate  of  fire  in  room 
n 

Qj  -  rate  of  heat  loss  by  heat  transfer  to  interior  surfaces 

Q  *  rate  of  heat  loss  by  radiation  through  openings  to  outside  air 
1\ 

Q  »  rate  of  heat  loss  by  convection  through  openings  to  outside  air 
L 

6  •  rate  of  heat  loss  to  warm  enclosure  air 

This  equation  is  examined  to  obtain  a  better  understanding  of  the  key 
parameters  affecting  the  fire  and  Its  extinguishment.  This  equation  Is  useful 
to  study  the  Importance  of  the  upper  room  air  temperature.  A  lower  air  tempera¬ 
ture  results  in  a  lower  rate  of  burning,  according  to  the  energy  feedback  theory. 

Qj,  ie  depandent  on  the  heat  transfer  properties  of  the  wall.  Walls  with 
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high  Absorptivity  of  radiation  and  conductanca  are  capable  of  absorbing  and 
dissipating  heat  quickly.  Kawagoe  and  Sekine(lO)  observed  that  the  enclosure 
material  properties  are  very  influential  on  the  air  temperature  within  the 
room,  e.g.  Bullen  (12)  notes  that  if  the  wall  is  capable  of  absorbing  and 
rapidly  diffusing  heat,  the  air  temperature  may  be  cooler  and  rate  of  burning 
less.  Vislch  (16)  states  that  this  quantity  of  heat  loss  rats  (Qj)  is  sub¬ 
stantially  smaller  than 

K 

Qg  is  dependent  on  the  size  of  the  openings  in  the  compartment,  as  is 
Q| .  If  the  compartment  has  no  openings,  then  these  terms  obviously  will  be 
sero.  Conversely,  if  the  openings  are  very  large,  then  heat  losses  due  to 
radiation  and  convection  to  outside  is  substantial.  Q  is  discussed  In  a  later 

K 

section  relative  to  exposure  hazards. 

The  host  required  to  warm  the  enclosure  air  has  been  observed  by  Coulbert 
(16)  to  be  small  except  in  the  early  stages  of  the  fire.  Once  again,  if  the 
ventilation  rate  is  high,  then  cool  air  is  constantly  drawn  into  the  warm 
enclosure  and  is  heated.  Conversely,  minimal  ventilation  introduces  little 
cool  air  and  minimal  heat  is  expended  to  warm  this  nir. 

Thus  the  energy  equation  (equation  [lo])  is  influenced  by  several  factors 
related  to  the  compartment,  Bullen  (20)  found  that  the  geometry  of  the  compart¬ 
ment  can  be  a  significant  factor,  since  most  of  the  previously  conducted  studies 
consider  a  near-cubical  compartment.  The  ventilation  openings  of  the  compart¬ 
ment  and  heat  transfer  properties  of  the  enclosure  also  affect  the  equation. 

2.2.7.  Upper  Room  Air  Temperature 

The  upper  room  air  is  defined  as  the  air  occupying  the  space  in  the  upper 
half  of  the  compartment.  Qulntiere  (7)  and  Visich  (15)  agree  that  the  tempera¬ 
ture  in  this  region  of  a  room  can  be  considered  uniform.  This  assumption  la  valid 
for  a  quasi-steady  thermal  process  and  in  the  case  where  no  combustion  occurs 
in  this  region  (7,  p.  147). 
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Kawagoe  and  Sekine  (17)  conducted  an  extensive  study  to  evaluate  tha  fire 
temperature  in  a  compartment.  In  that  effort,  these  three  assumptions  were  made: 

1.  Tha  temperature  in  the  coapartment  and  amlesivity  of  materials  within 
the  compartment  are  uniform. 

2.  The  eaissivlty  of  the  flame  is  1.0  and  the  flame  occupies  the  entire 
volume  of  the  room. 

3.  The  emissivity  of  the  region  outside  the  compartment  openings  is  equiva¬ 
lent  to  that  of  a  black  body. 

These  assumptions  are  not  unusual  for  this  type  of  investigation  and  have 
not  been  shown  to  be  unreasonable.  Whereas  a  flame  may  not  occupy  the  entire 
space,  for  a  fire  in  the  fully-developed  or  primary  burning  stage,  the  flames 
will  occupy  a  large  percentage  of  the  total  volume.  This  assumption  will  yield 
somewhat  higher  temperatures  than  may  actually  result,  thus  incorporating  a 
factor  of  safety  into  this  approach. 

The  temperature  of  the  space  is  determined  graphically  from  a  plot  of  the 
tonparature  versus  the  theoretical  fire  duration.  Curves  are  plotted  on  thle 
graph  for  particular  opening  factors,  as  defined  in  equation,  [ll]  below: 

a  AT 


o 


Two  curves  are  plotted  for  each  opening  factor,  accounting  for  the  effect 
of  wall  materials  of  the  encloeure  conducting  heat  away  from  the  fire  compart¬ 
ment.  The  fire  duration  is  calculated  by  the  following  relation: 

v*n  r  , 

t  «  .026  jfTp  l12i 

ww 

The  temperature  is  determined  by  calculating  the  theoretical  fire  duration 
in  equation  [li]  and  the  opening  factor  in  equation  [ll]  for  the  compartment. 

The  time  coordinate  is  located  on  Che  appropriate  opening  factor  curve  in  Figure 
2.1.  The  temperature  coordinate  of  that  point  ia  the  temperature  of  the  upper 
room  sir  temperature* 


14 


The  hoc  upper  room  air  muat  ba  cooled  so  Chat  Che  entire  compartment  will 
coolt  thereby  reducing  Che  haaC  transfer  from  tha  components  of  the  compartment 
to  any  available  fuel.  A  temperature  of  400#F  la  subjectively  selected  aa  an 
appropriate  temperature  to  which  the  air  ahould  be  cooled.  4G0*F  la  selected  on 
the  basis  of  it  approximating  the  ignition  temperature  of  roost  celluloalca. 

The  rate  of  heat  loss  required  to  cool  the  uppar  room  air  temperature  to 
400°F  in  one  minute  is  given  by: 

<1  ■  m  c  AT  [is] 

^a  a  p  w  J 

And  the  maso  of  the  air  is: 

“a  *  pftV)  [14] 

T.T.  Lis  (20)  and  McCaffrey  and  Rockett  (21)  show  the  pressure  gradient 
within  a  fire  compartment  to  be  lesa  than  5.5  x  KT1*  pounds  par  square  inch  and 
thus  can  be  considered  constant.  Therefore,  since  pressure,  temperature  and 
volume  are  constants,  the  air  density  must  also  be  a  constant.  Visich  (16) 
determined  that  Cp  la  independent  of  temperature  and  thus  is  also  a  constant. 
Substituting  for  p  and  in  equation  [l3]  and  |l4]  and  for  ra^  in  equation  , 
qa  -  (.0i)  VAT 
2.3.  Fire  Control 

Water  acta  as  an  extinguishant  for  solid  fuel  fires  through  cooling  the 
fuel  below  its  Ignition  tempersturs,  and  excluding  oxygen.  The  water  cools  by 
absorbing  heat  from  the  firs.  The  absorption  of  heat  results  in  tha  heating  and 
possible  vaporisation  of  the  water.  Vaporisation  of  the  water  into  ateam  acts 
to  displace  oxygen  from  the  fire.  Displacement  of  a  sufficient  amount  of  oxygen 
by  steam  can  result  in  extinguishment,  however  little  quantitative  information 
la  available  on  this  process.  Thsrefore,  for  the  purposes  of  this  study,  water 
is  used  to  control  the  fire  only  through  cooling. 

2.3.1.  Theory  of  Water  Application  for  Fire  Control 

Water  is  applied  in  the  vicinity  of  a  fira  through  a  nossle.  Once  emitted 
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from  the  nozzle,  the  water  stream  breaks  Into  droplets.  These  dropleta  are 
each  individually  heated  and  vapor lied  by  the  heat  in  the  compartment.  This 
can  be  modelled  by  a  heat  transfer  analysis  of  the  moving  water  dropleta. 

Yuen  and  Chan  (22,  23,  24)  have  expended  a  considerable  amount  of  effort 
in  this  area,  as  did  Bayler  (25)  and  Kanury  (26).  The  evaporation  of  the  drop¬ 
leta  into  steam  is  a  rather  complex  problem,  aa  is  evident  in  the  previously 
mentioned  references.  The  amount  of  evaporation  is  dependent  on  the  drop  size, 
velocity  of  the  droplets  and  several  heat  transfer  parameters,  e.g.  Nusselt, 
Reynolds,  Prandtl  and  Spalding  numbers. 

Drop  Siae 

The  siae  of  the  water  droplet  la  a  key  factor  in  determining  the  ability 
of  the  applied  water  to  cool  the  upper  room  air  temperature  and  penetrate  to 
the  burning  fuel  (25).  Small  droplets  evaporate  readily,  but  can  be  easily 
carried  off  by  the  fire  plume  (27).  The  larger  droplets  are  capable  of  pene¬ 
trating  the  plume  and  reaching  the  fuel  surface,  Upon  reaching  the  fuel  sur¬ 
face,  the  water  can  act  to  cool  the  fuel  below  its  fire  point  or  inhibit  the 
pyrolysis  process. 

An  optimum  drop  diameter  for  evaporation  only  was  identified  as  0.4  to 
0.6  mm  in  a  series  of  English  tests  performed  by  Rasbash,  Rogowskl  and  Skeet 
in  1951  (27).  However,  an  optimum  diameter  for  penetration  of  the  plume  has 
been  determined  as  4.0  to  6.0  ram  by  Yao  and  Kalekar  (29).  Results  from  a 
series  of  German  tests  (27)  concluded  that  the  optimum  drop  diameter  was  approx¬ 
imately  0.35  mm,  in  agreement  with  Rasbash,  et.al.  A  series  of  tests  were  con¬ 
ducted  by  the  National  Board  of  Fire  Underwriters  (28)  varying  droplet  sizes 
in  water  sprays  to  extinguish  fires  of  variable  fuels.  An  optimum  drop  di?» 
ameter  appeared  to  be  .30  mm. 

The  approach  considered  in  this  report  does  not  consider  the  effects  of  the 
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water  reaching  the  fuel,  aa  in  othar  approaches  (4).  However,  the  water  is 
considered  to  reach  the  proximity  of  the  base  of  the  flames  so  aa  to  promptly 
absorb  heat  released  from  the  burning  fuel. 

In  reality,  the  water  droplets  produced  by  a  hose  stream  are  not  uniform 
in  sise  (29).  Further,  variation  of  nozzle  pressure  or  nozzle  type  alters 
the  distribution  of  droplet  sizes.  Typical  droplet  size  distributions  for 
commonly  used  fire  service  nozzles  and  operating  pressures  should  be  deter¬ 
mined  in  future  studies. 

2.3.2.  Previous  Studies  on  Fire  Control  with  Water 

Previous  studies  on  fire  control  using  hand-held  hose  lines  indicate  that 
tho  tactics  employed  for  the  application  of  water  is  a  key  parameter  (30,  31). 

An  earlier  study  by  Royer  and  Nelson  (31)  suggested  application  methods  and 
techniques  for  Improved  efficiency  of  water  usage. 

Salzberg,  Vodvarka  and  Maatman  (30)  performed  a  series  of  tests  utilizing 
teams  of  firefighters  with  varying  experience  to  extinguish  compartment  fires. 
The  efficiency  of  application  of  water  from  hand-held  hoselines  was  dependent 
on  the  training  of  the  team.  The  range  for  the  quantity  of  water  applied 
varied  as  much  as  210  percent  for  the  trained  versus  untrained  teams  (30,  p.  27) 
Attempts  have  been  made  to  evaluate  the  percentage  of  applied  water  on  a 
building  fire  which  has  an  effect  on  the  fire  (31).  These  studies  determined 
that  approximately  67  percent  of  the  water  has  an  effect  on  the  fire. 

Whereas  drep  size  and  velocity  are  important  variables,  the  training  level 
of  the  users  of  hand-held  hoselines  appears  to  be  the  controlling  variable. 
Therefore,  a  detailed  study  of  heat  transfer  to  the  water  droplets  is  not  felt 
to  be  advantageous,  because  of  time  limits  on  the  study  (the  concept  should  be 
addressed  in  any  future  studies,  if  a  truly  theoretically  baaed  model  of  fire 
suppression  is  desired).  For  this  study,  only  67  percent  of  the  water  applied 
from  hoselineB  is  considered  to  reach  the  vicinity  of  the  fire.  This  percentage 
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ii  suggested  subjectively  and  also  ahould  be  validatad  or  refuted  In  futura 
studlae. 


2.3.3.  Haat  Absorption  by  Watar 

Tha  amount  of  haat  required  to  raia*  tha  temperature  of  ona  pound  of  watar 
from  60*F  to  212°F  la  H  -  mcpAT  -  152  Btu.  [l6] 

Onca  tha  pound  of  watar  haa  baan  haatad  to  212°F,  tha  latant  haat  of  vapori¬ 
zation  la  tha  amount  of  haat  raqulrad  to  allow  tha  water  to  vaporise.  Tha  latant 
haat  of  vaporisation  la  970  Btu/lb.  Thus,  tha  amount  of  haat  which  can  ba  ab¬ 
sorbed  by  watar  at  60°F  by  a  change  in  state  la  1,122  Btu/lb  or  9,363  Btu/gal. 
Assuming  67  percent  of  tha  water  raachaa  tha  vicinity  of  tha  fire  and  75  percent 
of  that  watar  evapor&tea,  the  net  efficiency  of  application  is  50  percent.  (This 
percentage  is  suggested  subjectively  and  should  be  validated  or  rafutad  in  futura 
studios.)  Therefore,  one  gallon  of  water  absorbs  one  half  of  9,363  Btu  or  A, 680  Btu 
The  rate  of  heat  absorption  is  given  by  the  following  expresalon: 


A, 680  G  -  H 


M 


2. A.  Calculation  of  Fire  Flow 

The  fire  flow,  G,  is  determined  by  considering  the  heat  release  rate  by  the 
fire,  the  amount  of  heat  loas  required  to  cool  the  room  air  to  an  acceptable 
temperature  (w.g.  A00°F)  and  the  heat  absorption  by  watar.  This  is  accomplished 
by  utilising  equations  ['].  [*].  [is].  M  and  the  following  basic  principle: 

«.  ■  iF  +  i.  M 

The  heat  release  rate  of  the  fire,  qf,  la  determined  by  equation  M  for 
ventilation  controlled  fires  and  aquation  £9}  for  fuel  controlled  fires.  Tha 
heat  loss  rate  required  to  cool  the  upper  room  air  temperature  in  one  minute, 
q#,  is  given  by  equation  [is] .  If  the  fire  is  determined  to  be  fuel  controlled, 
q  may  be  neglected  sinew  che  air  flow  should  ba  sufficient,  such  that  q  will 


be  small  compared  to  qf. 
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Thus  using  equation  [l8]  for  ventilation  controlled  first » 

4680  C  -  3550  ^  ^  +  .01  V(AT) 

G  •  1.19  (2  x  10“*)  VAT  [19] 

For  fuel  controlled  firsts 

4680  G  -  .076  Af  AH,  [20] 

If  the  fuels  ere  chiefly  cellulosic  equation  (20  ]  can  be  revised,  by 
substituting  for  AHc  (8,000  Btu/lb)  and  solving  for  Gs 

G  -  .130  kt  [2l] 

2.4.1.  Adjustment  for  Exposures 

Radiant  heat  from  windows  in  the  fire  compartment  incident  on  nearby  com¬ 
bustibles  may  be  sufficient  to  cause  their  Ignition  if  the  heat  flux  is  at  least 
of  a  certain  minimum  value.  Separation  of  the  exposed  combustibles  from  the 
radiating  windows  by  an  adequate  distance  will  decrease  the  incident  radiative 
heat  flux,  thereby  preventing  the  Ignition  of  the  exposed  combustibles. 

If  combustibles  are  not  adequately  distant  from  the  radiator,  ignition 
can  be  prevented  by  the  application  of  water  to  maintain  these  materials  below 
their  ignition  temperature.  This  quantity  of  water  should  be  added  to  that 
obtained  in  equation  (l8]  so  as  to  prevent  the  spread  of  fire  to  neighboring 
buildings  or  other  objects  and  to  control  the  fire  in  the  original  fire  building. 

The  first  step  in  an  analysis  of  the  water  required  to  protect  exposed 
materials  is  to  determine  if  they  are  safely  separated  by  distance  from  the 
radiator.  Lie  (20)  and  Williams-Leir  (33)  have  investigated  this  topic, 
though  require  that  the  fire  temperature  within  the  fire  compartment  be  known. 
This  is  readily  computed  by  utilisation  of  Figure  2.1  and  equations  [llj  and 
[l2].  However,  this  analysis  is  only  appropriate  for  ventilation  controlled 
fires  and  is  not  readily  computed  for  fuel  controlled  fires.  Because  of  this 
limitation,  adjustment  for  exposures  on  a  theoretical  basis,  is  not  investigated 
in  this  study  but  should  be  examined  in  future  studies. 

20 


i, 


Rc.i 


'•HPW 


ii  ii  uH  inuiw*?.^ 1 


2.4.2.  Adluatmant  for  Inatalled  Flra  Protection  Equipment 

Thia  approach  for  calculation  of  flra  flow  haa  not  coneldared  tha  affacta 
of  any  inatallad  flra  protection  ayatam.  Automatic  auppraaaion  ayataaa  can 
datact  flraa  vhlla  a till  in  an  aarly  ataga  of  davalopmant»  and  promptly  apply 
water,  requiring  only  a  amall  amount  for  axtingulahmant.  Alao,  automatic 
detection  ayatama  can  detect  firaa  vhlla  atlll  in  an  aarly  ataga  of  development 
alerting  flra  auppraaaion  forcaa  vho  may  be  able  to  apply  water  before  tha  flra 
la  fully developed ,  thereby  not  requiring  aa  much  water  aa  if  tha  fire  reached 
tha  fully developed  ataga. 

Conaideration  of  fire  protection  ayatama  for  tha  purpoae  of  reducing  the 
flra  flow  requirement  ia  not  readily  quantifiable  through  a  theoretical  baaia. 
However,  such  conaideration  doaa  appear. Juatif labia  and  ahould  be  reaaarched 
on  an  empirical  baaia  In  future  atudlea. 
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2.5.  Calculation  Technique  Summarised 

Thia  saction  prasants  tha  resulting  approach  for  a  theoretically  baaed 
calculation  technique  for  determining  the  required  amount  of  water  for  fire 
protection.  The  technique  is  baaed  on  the  application  of  water  to  absorb  the 
heat  release  rate  from  the  fire  and  to  cool  tha  upper  room  air  temperature. 
The  technique  is  presented  in  steps  for  simplicity. 

1.  Fire  Area: 

Select  the  largest  area  of  the  building  within  a  one  hour 
fire-rated  compartment  Location  of  fire  area: 


2.  Unprotected  Openings: 

For  the  boundary  enclosure  of  the  selected  area,  note  the 
dimensions  of  all  unprotected  openings,  e.g.  doors,  windows, 
etc.,  in  feet.  Complete  the  table  below  by  calculating  the 
area  for  each  opening,  the  k/h  factor  and  summing  the  Ai^T- 
factors. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Total 

width  (£) 

X 

height  (h 

X 

area  (A) 

X 

A/fT 

3.  Ventilation  Parameter,  $ : 

Determine  the  ventilation  parameter,  $,  by  multiplying  the 
total  of  all  the  kfiT  factors  obtained  in  (step  2)  by  27.5. 


4.  Fuel  Surface  Area,  A^: 

Calculate  the  surface  area  of  all  combustibles  in  the  fire 
area.  Where  possible,  simplify  the  procedure  by  selecting 
'"rectangular  boxes"  of  combustibles  and  computing  the  area 
of  the  four  sides  and  top.  Use  the  table  below  for  this 
process  or  any  other  appropriate  method  for  calculating  A. 
the  total  of  the  areas  for  the  sides  and  top  is  Af. 

n _ —  _ £  n __i _ jli _ * 


,  ' 

1  '  i  ' 

IT 
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"T" 

rr 
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nr 

nr 
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BB 

Hi 

Hi 

Hi 

BB 

bb 

HI 

bbb 

bbbi 

width  (b) 

BBB 

■ 

BB 

BB 

bb 

BB 

Hi 

bb 

bb 

BB 

mmm\ 

height  (h) 

■  ■ 

bb 

BB 

IB 

BB 

BB 

BB 

BB 

BB 

bbb 

B  Bl 

area-short  sides  (2bh) 

_ 

BB 

■ 

BB 

bb 

bb 

M 

BB 

area- too  (&b) 

■  ■ 

— 

— 

■ 

■ 

BB 

B 

BP 

BB 

B  B 

Bl 

Af  ■  2£h  +  2bh 


+  lb 
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5.  Control  Mechanism  o£  Fire: 


Determine  If  fire  la  fuel  or  ventilation  controlled  by  dividing 
<j>  (step  3)  by  A,  (step  4) .  4>  » _ 

£  A 

j. 

If  _  >,3.22  fire  is  fuel  controlled;  proceed  to  step  6. 

Af 

If  ^  <  3.22  fire  Is  ventilation  controlled;  proceed  directly  to 

Aj,  step  9. 

6.  Fuel  Composition: 

Determine  if  the  combustible  materials  are  mostly  cellulosic 
and  circle  the  appropriate  answer.  Ye 

If  no,  proceed  to  step  7 

If  yes,  proceed  directly  to  step  8  and  assume  y  ■  1.0 

7.  Fuel  Composition  Factor,  y: 

a.  Determine  the  composition  of  the  fuel  in  the  fire  area 
excluding  cellulosics  e.g.  synthetics,  flammable  liquids, etc. 

b.  Note  the  percentage  of  the  total  amount  of  combustibles  which 
each  type  of  fuel  comprises  (by  weight)  in  the  top  row  of  the 
table,  below. 

c.  In  the  second  row,  note  the  heat  of  combustion,  AH,,  for  each 
type  of  fuel. 

Combusti 

Fuel  Type _ ~ _ _ _ 

%  of  total _ _ 

Heat  of  Combustion,  AH _ _ _ _ 

(X  of  total)x(AHV  ]  I  |  I  |  |  I  |  |  |  ) 

d.  Sum  of  the  (Z  of  total)  x  (AH  )  for  combustibles:  _ 

e.  Calculate  the  percentage  of  ail  combustible  materials  in 

the  fire  area  which  are  cellulosic  (by  weight) .  %  cellulosic  ■ 

f.  Multiply  the  percentage  of  cellulosics  (step  7e)  by  8000. 

8000  x  X  of  cellulosic  » 

g.  Add  the  quantity  in  (line  7d)  to  (line  7f)  and  divide  by 

8000  to  obtain  Y  ^  _  (atep  7d)  +  («.„  7f), 

81000 


8.  Rate  of  Heat  Release,  Fuel  Controlled  Fires: 


Determine  the  rate  of  heat  release  from  fuel  controlled  fires  by 
multiplying  the  fuel  surface  area,  A.  (step  4),  by  610  and  the  fuel 
composition  factor,  y  (step  7f  or  assume  1.0) 

q_  -  610  x  y  x  A. 

Proceed,  to  step  12 
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9.  Rate  of  Heat  R«l«u«i  Ventilation  Controlled  Fires: 


Determine  the  rate  of  heat  releaee  from  ventilation  controlled 
fires  in  the  fully-developed  stage.  Multiply  $  (step  3)  by  202. 

qF  -  202$ 

10.  Upper  Room  Air  Temperature: 

Determine  the  upper  room  air  temperature  in  the  fire  area. 

a.  For  the  boundary  enclosure  of  tho  fire  urea,  determine  the 

area  of  the  enclosing  vails.  Area  of  valla  ■  _ 

b.  Find  the  area  of  the  ceiling  of  the  fire  area 

Area  of  ceiling  ■  ____ 

c.  Sum  the  areas  of  the  vails  (step  10a)  and  ceiling 
(step  10b)  to  determine  A_,  the  total  surface  area  of 

the  fire  area.  A-  ■  (step  10a  +10b)  « _ 

d.  Calculate  the  opening  factor,  F  by  dividing  $  (step  3)  by 

27.5  x  A-  (step  10c).  0  F  -  4 _  - 

~  0  27.5  At 

d.  Determine  the  fuel  load,  w,  in  the  fire  area.  _ 

f.  Determine  the  following  factor:  .715  AfW 

r*- 

aee  (step  3)  for  $,  (step  A)  for  A.  and  (step  10a)  for 
W.  .715  A.W  -  _ 

g.  Using  Figure  2.1,  determine  the  temperature  using  (step  lOf) 
for  one  coordinate  and  (step  lOd)  to  select  the  proper 
curve. 

h.  Calculate  the  volume  of  the  fire  area.  V» _ 

11.  Heat  Stored  by  Upper  Room  Air: 

Determine  the  amount  of  heat  stored  by  the  warm  upper  room 
air  which  must  be  released  for  cooling  by: 

a.  Subtract  400°F  from  the  upper  room  air  temperature 

(step  lOg)  T  -  400 

b.  Calculate:  one  percent  of  the  room  volume  (step  lOh). 

•01V  *•_ 

c.  Determine  the  product  of  (step  11a)  and  (step  lib). 

,01V  (T-A00)  •_ 

12.  Fire  Flow: 

Determine  the  fire  flow  by  dividing  the  rate  cf  heat  release 
from  the  fire  V£stap  £°r  fuel  controlled  fire,  (stop  9  plus 
step  11c  for  ventilation  controlled  fires)]]  by  4680. 

G  " !l_ 

4680 
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2.6.  Summary 

The  theoretically  baaed  method  for  calculating  fire  flow  haa  been  preaented 
in  thla  section.  The  method  la  generally  applicable  to  a  variety  of  bulldinga, 
though  does  appear  to  have  the  following  limitations. 

First,  the  method  appears  to  be  moat  appropriate  for  well-compartmented 
buildings.  Qne  of  the  assumptions  of  the  method  involved  the  flames  filling 
the  entire  compartment.  Thus,  for  large,  uncompartmanted  buildings,  the  method 
only  addresses  the  case  where  the  entire  building  la  fully  Involved  in  fire, 
which  Is  a  small  percentage  of  the  fires  and  may  be  considered  as  an  acceptable 
loss,  if  infrequent,  under  the  conditions  of  crisis  relocation.  Use  of  the 
method  for  large,  uncompartmentad  buildings  may  be  improper  and  should  be 
examined  in  more  detail  in  future  studies. 

Another  limitation  of  the  method  involves  use  of  the  method  for  windowless 
compartments  or  buildings.  The  method  relies  on  the  calculation  of  the  ventila¬ 
tion  factor,  4>‘  If  the  area  of  the  openings  is  very  small,  the  ventilation 
factor  will  also  be  very  small,  resulting  in  the  assessment  of  the  fire  as 
ventilation  controlled.  In  this  case,  the  fire  flow  requirement  will  also  be 
very  low  because  of  the  lack  of  oponings.  However,  fires  within  this  compart¬ 
ment  may  be  quite  Intense  before  flashover. 

The  method  addresses  only  the  cases  of  post-f lashover  fires.  As  just  noted 
pre-f lashover  fires  should  also  be  analysed  relative  to  fire  flow  requirements. 
Further  problems  Involving  pre-f lashover  fires  includes  the  possibility  of  the 
stesm  generation  rate  (and  thus  the  efficiency  of  water  application)  being 
substantially  lower,  thereby  requiring  a  higher  rate  of  water  be  applied  for 
control. 

These  limitations  should  be  comprehensively  investigated  before  use  of 
this  method  can  be  recommended.  Further,  the  assumptions  nsed  to  be  validated 
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(•specially  those  made  subjectively)  and  the  results  checked  with  actual  re¬ 
quired  water  application  rates  for  control  at  real  fire  incidents  before  the 
method  is  extensively  applied.  Otherwise,  this  theoretically  based  technique 
appears  to  be  appropriate  for  use  at  least  as  a  foundation  upon  which  a  sophisti¬ 
cated  and  objective  fire  flow  calculation  method  can  be  constructed. 


Nomenclature 


Symbols 

A 


Arts  (fta)  . 

Specific  heat  (Btu/lb  -  °F> 
Opening  Factor  (ft.'*) 
Gravitational  constant  (32  ft/ 
Water  flow  rate  (gal/® In.) 
Haight  (ft.) 

Enthalpy  (Btu) 

Heat  of  combustion  (Btu/lb) 
Length  (ft.) 

Maas  (lb)  ...  .  . 

Rate  of  mass  loaa  (lb /min.) 
Heat  release  rata  (Btu/min.) 
Heat  loss  rate  (Btu/min.) 
Stoichiometric  ratio 
Rate  of  burning  (lb /min.) 

Time  (min.) 

Temperature s (  F  or  R) 

Volume  ) 

Fuel  load  (p . a . f . ) 

Fuel  composition  factor 
Efficiency  of  burning  factor 
Density  (lb/ft.  ) 

Ventilation  Parameter 


Subscripts 

a 

f 

F 

FI 

1 

t 

L 

R 

T 

v 


Air 

Fuel 

Fire 

Floor 

Incident 

Interior  Surfaces 
Convective  loss 
Radiation  loss 
Total  surface  area 
Window 
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III.  Review  and  Evaluation  of  the  Existing  Techniques 
for  Calculating  Fire  Flow 

Presently*  several  techniques  are  utilized  for  calculating  the  required  fire 
flow  for  a  particular  building.  These  methods  are  reviewed  and  evaluated  in  this 
section,  according  to  the  criteria  of  internal  validity,  external  validity  and 
utility.  A  graphical  comparison  of  the  methods  is  also  presented.  From  the  review 
and  comparison  of  the  methods,  the  four  most  appropriate  methods  are  selected 
for  further  use. 

3.1.  The  Selected  Techniques  for  Review  and  Evaluation 

Twelve  methods  are  selected  for  review  and  evaluation  in  this  section.  These 
twelve  techniques  represent  a  combination  of  well-known  techniques  from  the  past, 
currently  widely-used  techniques  and  recently  developed  techniques,  but  do  not 
purport  to  be  all-inclusive  of  the  existing  techniques. 

In  Table  3.1,  the  selected  techniques  are  noted  according  to  an  author's  or 
originating  organization  name.  The  variety  of  basic  methodologies  of  the  selected 
techniques  by  which  the  fire  flow  is  calculated  is  also  illustrated  In  Table  3.1. 
Some  of  the  methods  use  only  one  equation,  whereas  others  are  comprised  of  a 
series  of  equations  which  must  be  simultaneously  solved.  Some  techniques  do  not 
include  any  equations,  using  only  a  set  of  tables  to  compute  the  required  fire 
flow. 

The  methodology  of  several  techniques  consists  of  a  general  type  of  table, 
graph  or  equation.  Selection  of  the  appropriate  table,  graph  or  specific  equa¬ 
tion  often  depends  on  particular  features  of  the  building,  e.g.  construction  type 
of  the  building,  height  of  the  building,  etc.  Several  of  the  techniques  also 
allow  for  adjustment  to  results  obtained  from  tables,  graphs  or  equations  because 
of  special  conditions,  e.g.  existence  of  an  automatic  fire  suppression  system, 
occupancy  hazard,  etc.  The  particular  features  or  special  conditions  of  the 
building  included  in  the  methodologies  of  the  techniques  are  noted  in  Table  3.2. 
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*Baslc  equation  la  noted  only  If  "one  equation"  Is  checked.  C'g  noted  In 
equations  are  constants,  evaluated  for  specific  conditions. 

**H  is  height  of  building. 

***h  Is  height  of  window;  (area  of  window  is  assumed  as  four  per  cent  of  floor  area) . 
Key: 
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3.2.  aMl«  lac  £yala&y»aa 

The  criteria  by  which  ch«  various  method a  of  calculating  flra  flow  hava  bean 
evaluated  follow  the  general  approach  of  the  fire  protection  policy  reaaarch  re¬ 
views  at  the  Georgia  Institute  of  Technology  and  the  Now  York  City  RAND  Institute, 
supported  by  the  National  Science  Foundation (34 ,35) .  These  criteria  were  alao  uaad 
to  evaluate  systematic  methods  for  grading  fire  safety  at  the  University  of  Maryland 
(36).  This  approach  involves  the  assessment  of  each  technique  with  respect  to  the 
issues  of  internal  validity,  external  validity  and  utility. 

3.2.1.  Internal  Validity 

The  internal  validity  relates  to  the  research  conducted  to  formulate  the 
method.  Assessment  of  internal  validity  includes  an  investigation  into  the 
founding  research  for  internal  procedural  errors,  such  os  inadequate  data,  im¬ 
proper  assumptions,  etc.  Basically  the  assessment  of  internal  validity  includes 
these  concepts: 

1)  Is  a  valid  data  source  specif icied  and  does  it  appear  to  be  properly 
utilised? 

2)  Are  any  assumptions  noted  and  are  they  Justified  for  the  study?  Are 
the  assumptions  proper  Cor  the  analyses  utilized  in  the  research? 

3)  Are  the  analytical  procedures  correctly  and  properly  used,  e.g. 

statistical,  experimental  and  theoretical  analyses? 

4)  Are  the  conclusions  logically  developed  from  the  data,  assumptions 
and  analyses? 

Documentation  of  the  founding  research  for  many  of  the  fire  flow  techniques 
ia  insufficient,  requiring  that  some  Implicit  data  sources,  assumptions,  etc.  be 
hypothesized.  The  items  resulting  from  the  necessary  hypotheses  ware  then 
evaluated. 

3.2.2.  External  Validity 


The  external  validity  relates  to  the  applicability  and  validity  of  the  method 
to  actual  conditions.  Three  questions  comprise  the  analysis  for  external  validity. 
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1)  Doe*  the  method  yield  isaulta  of  *  *imllar  order  of  magnitude  a*  other 
existing  and  widely  accepted  methods?  Thle  question  attempt*  to  address 
the  concept  of  whether  the  method  yield*  a  reeult  in  agreement  with  the 
atate-of-the-art.  It  should  be  noted  that  the  state-of-the-art:  in  thla 
field  la  aomewhat  limited,  e.g.  it  cannot  b*  reliably  predicted  if  a 
particular  required  fire  flow  will  be  auccesaful  in  extinguishing  a 
given  building  fire.  Thus,  thle  queation  la  limited  to  a  relative 
measure  of  "accuracy"  '.through  a  comparison  with  existing  technique*) 
and  cannot  ba  an  abaci ata  measure. 

2)  ta  the  method  aelf-cor tradictory? 

3)  What  la  the  applicability  of  the  method?  Are  there  limitations  on  It* 
application  and  if  ao  are  these  explieity  noted?  The  application  of  the 
method  should  requtre  little  Judgment  ao  thAt  it*  precision  la  not 
compromised  if  several  users  apply  it. 

MSI 

The  criterion  of  utility  relates  to  the  practicality  of  the  method.  There 
are  two  main  issues  addressed  by  this  criterion. 

1)  Are  all  input  data  items  for  utilisation  of  the  method  readily  available? 
Are  those  item*  which  <re  available  also  reliable,  l.e.  will  thev  yield 
accurate  results  or  are  they,  because  of  the  sensitivity  of  the  method, 
likely  to  introduce  a  large  degree  of  error? 

2)  Is  the  user  of  the  method  required  to  have  a  high  level  of  analytical 
skills  as  a  prerequisite  for  utilisation  of  the  technique? 

3.3.  Evaluation  of  the  Methods 

Each  method  was  analysed  according  to  the  criteria  of  internal  validity, 
external  validity  and  utility.  The  specific  reviews  for  each  method  are  included 
In  the  appendix.  A  tabular  summary  of  the  reviews  is  presented  in  Table  3.3. 

Examination  of  Table  3.3  indicates  that  the  two  techniques  developed  by 
TtTRl  (30)  and  ISO  (3)  appear  t:o  fulfill  all  of  the  criteria,  i.e.  these  two 
method*  are  the  only  one#  which  fare  favorably  in  all  column*  of  the  table.  The 
remaintng  ten  method*  do  not  adequately  satiety  at  least  one  question.  A  sum¬ 
mary  of  Table  3.3  Is  presented  in  Table  3.4.  A  "no"  appears  in  Table  3.4  If 
any  of  the  columns  for  the  particular  criterion  contain  a  "no".  A  "?"  appears 
if  a  "?"  appears  in  any  column,  without  a  "no"  entry  in  another  column  of  that 
same  criterion. 
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TABLE  3.3  Evaluation  of  the  Fire  Flow  Techniques 


l 

3 

= 

A 

1  2  a 
|s3 

£ 

£ 

Reliable 

Input 

Available 

_ 

£ 

_ 

No 

External  Validity 

_ 

Generally 

Applicable 

£ 

No 

£ 

£ 

Avoid 

Self- 

Contradiction 

■ 

No 

Magnitude 

of 

Results 

r« 

N 

Internal  Validity 

Appropriate 

Conclusions 

Correct 

Procedures 

A* 

No 

Valid 

Assumptions 

€*• 

Specified 

Data 

Source 

No 

Fire  Flow 
Techniques 

Jd 

3 

U 

4J 

41 

•»*4 

fc 

Ml 

a 

C 

3 

i 

£ 

1 

H 

•H 

3 

Ml 

u 

u 

4* 

u 

0 

u 

S 

Us 

fi 

S 

u 

£ 

ICBO 

IITRI 

ISO 

nsi 

Milke 

PFRB 

1 

e 

Blank  -  Correct  Statement 

?  -  Statement  could  not  be  determined  to  be  definitely  correct  or  Incorrect 

Ho  -  Incorrect  Statement 
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No:  The  criterion  Is  not  fulfilled. 

?  :  The  criterion  can  not  definitely  be  evaluated  as  being  fulfilled  or  unfulfilled. 

Blank:  The  criterion  Is  fulf tiled. 
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Analyst*  of  Tabls  3.4  results  In  ths  conclusion  that  four  of  the  twelve 
methods  do  not  have  at  Least  one  "no".  These  four  methods  are  the  ItTRI  (30), 

ISO  (3),  tSU  (31)  and  PFRB  (43)  methods  and  thus  are  the  most  favorably  evaluated. 
3.4  Comparison  of  the  Methods 

A  comparison  of  the  methods  Is  useful  to  investigate  which  of  the  methods 
are  most  stringent  (require  the  highest  flows)  or  those  which  are  least  stringent 
(require  the  lowest  flows).  Several  of  the  methods  utilise  the  stse  of  the  fire 
area  in  the  equation,  thus  a  plot  of  the  fire  flow  versus  the  fire  area  is  used 
for  this  comparison.  Since  some  of  the  methods  consider  construction  type,  occu¬ 
pancy  hasard  and  other  features  as  adjustments  to  the  basic  equation  as  previously 
noted,  a  one-story,  ordinary  construction  type  building  wtth  a  moderate  commercial 
occupancy  hasard  and  no  sprinklers  or  exposure  hasard  is  considered  for  this  com¬ 
parison. 

The  plot  of  the  fire  flow  versus  fire  area  is  presented  in  Figure  3.1.  The 
techniques  without  a  single  basic  equation,  such  as  those  by  Ball  and  Pietraak  (4), 
and  Corlett  and  Williams  (38)  are  not  amenable  to  a  plot  of  this  type  with  the  in¬ 
formation  provided  and  thus  are  not  Included.  Those  methods  utilising  tables  did 
have  sufficient  information  for  the  graph  and  thus  are  plotted  in  the  figure. 

The  wide  range  of  requirements  as  illustrated  In  Figure  3.1  may  be  attributed 
to  the  differing  philosophies  for  requiring  fire  flow.  Historically,  fire  flow 
requirements  were  formulated  to  prevent  conflagrations.  The  ISO  (3),  ICBO  (41), 
Hutson  (40)  and  PFRB  (43)  techniques  were  formulated  for  this  objective.  Many 
techniques  have  resulted  from  a  need  to  provide  adequate  water  for  extinguishment 
of  fire  only  in  a  particular  fire  area.  The  empirically  developed  methods  and 
theoretically  based  method*  were  formulated  within  this  framework,  e.g.  IITRI  (30), 
Thomas  (44),  Bengston  (37),  etc. 

Some  differences  may  be  a  result  of  the  maximum  fire  area  considered.  Som* 
of  the  methods  require  the  area  of  the  entire  building  to  be  utilised  in  determlng 
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fit*  flow  (PFRB,  Hutson,  ICBO,  etc.)  whereas  other  utilise  only  th*  maximum  fir* 
area  (ISO,  IITRI ,  Nllke  (42),  etc,)*  If  th*  building  i«  not  compartmented ,  the 
building  ar*a  and  maximum  fir*  area  ar*  identical,  however,  in  compartmented 
building*  th*  maximum  fir*  ar«a  may  be  aubatant tally  leaa  than  the  total  building 
ar*a. 

3*3.  Selection  of  th*  Pour  Moat  Appropriate  Methods 

Pour  method*,  IITRI,  ISO,  ISO  and  PFRB,  were  the  moat  favorably  evaluated 
according  to  th*  criteria  of  internal  validity,  external  validity  and  utility. 

For  a  fir*  area  of  10,000  square  feet,  theae  four  yield  fire  flow  requirements 
which  ar*  third,  fifth,  a*venth  and  eighth  highest  of  the  eleven  graphed.  Thus, 
these  four  appear  to  be  a  representative  sampling  of  the  range  of  required  fire 
flows  without  being  at  either  the  highest  or  lowest  extreme.  Thus,  these  four 
are  selected  for  use  in  subsequent  analyses  in  Hits  report. 


IV.  WATER  DEMAND  FOR  CRISIS  RELOCATION 


There  1«  a  renewed  focus  on  water  supply  requirements  foie  major  emergency 
situations.  Under  crisis  conditions,  it  may  bs  necessary  to  svacust*  a  given  geo- 
graphical  region  and  relocate  a  large  number  of  persons  to  communities  some  distance 
from  the  emergency  site.  The  influx  of  a  large  number  of  persons  to  a  specific 
community  will  impact  on  the  local  water  and  sewer  system.  This  study  phase  con¬ 
siders  the  possible  impact  and  the  possible  alternative  water  supply  and  demand 
arrangements  to  fulfill  domestic  consumption  needs  and  fire  suppression  water  needs 
during  a  crisis  relocation  condition.  The  case  study  presented  has  important  im¬ 
plications  for  developing  policy  criteria  for  crisis  relocations. 

4.1  Introduction 

Tha  Village  of  Warsaw,  New  York  is  selected  for  the  crisis  relocation  water 
supply  and  sewer  system  evaluation.  This  Village  is  currently  participating  in 
the  development  of  a  county  wide  Fire  Prevention  and  Control  Master  Plan.  Planning 
for  crisis  relocations  could  be  an  important  part  of  this  plan.  In  fact,  the 
Wyoming  County  Fire  Coordinator  and  Civil  Defense  Director  plans  to  extend  this 
study  phase  to  the  other  villages  and  rural  sectors  of  the  county. 

The  prime  objective  of  this  study  phase  is  to  evaluate  the  increased  water 
demand  on  the  Warsaw  water  system  under  defined  levels  of  population  influx.  This 
evaluation  ia  correlated  to  the  simultaneous  potential  demand  for  fire  protection 
water  during  a  crisis  relocation  period.  A  secondary  study  objective  is  to  assess 
the  impact  of  the  water  use  demand  on  the  Warsaw  sewer  system  capacity. 

4.2  Evaluation  of  the  Water  and  Sever  System 

The  crisis  relocation  evaluation  of  the  Warsaw  water  and  sewer  system  con¬ 
siders  the  current  capacity  of  each  component  of  the  system.  This  evaluation  con¬ 
siders  the  supply  characteristics  of  the  water  system,  the  ISO  recommended  fire 
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flow  demand  (3),  the  consumer  consumption  demand,  and  tha  potantlal  crisis  reloca¬ 
tion  demand  by  population  groupings.  Consumer  consumption  is  further  evaluated 
between  commercial  property,  institutional  property,  local  government  property, 
and  residential  property.  This  assessment  permits  a  further  evaluation  of  alterna¬ 
tive  demand  requirements. 

Table  4.1  lists  some  general  statistics  of  the  Warsaw  Water  System.  Included 
In  the  table  are  the  water  demand  for  domestic  and  fire  protection  needs,  capabili¬ 
ty  of  the  system  to  deliver  a  particular  fire  flow  at  a  selected  location  and  capac 
ity  of  the  system. 


Table  4.1:  Water  and  Sewer  System  Supply  and  Demand 
Demand  -  Domestic 

Average  Daily  Consumption  ««?’???  j 

Maximum  Daily  Consumption  994,444  gpd 

Demand  -  Fire  Protection* 

Maximum  Required  Fire  Flow 
Basic  Fire  Flow 

Maximum  Fire  Flow  Capability** 

2000  gpm  for  1  hour 
1400  gpm  for  6  hours 
694  gpm  for  24  hours 

System  Capacities 

Reservoir  Storage 
Sewer  Treatment 

^Demand  requirements  are  determined  utilizing  the  criteria  developed  by  ISO  (3) 
discussed  in  section  3. 

**Meaaured  at  North  Main  and  Buffalo  Streets. 


8,000,000  gallons 
1,200,000  gpd 


5,000  gpm 
3,500  gpm 


Table  4.2  lists  the  147  non-residential  properties  served  by  the  Warsaw  water 
system  according  to  21  occupancy  or  use  categories.  The  demands  presented  are  for 

a  24  hour  period. 
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Table  4.2:  Domestic  Water  Demand  by  Occupancy 


No.  of 
Occupancies 

5 

3 

2 

1 

2 

5 
3 

6 

16 

3 
9 
1 
2 

4 
1 
2 

13 

17 

1 

7 
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Occupancy  Category 

Churches 
Civic  Clubs 
Public  Schools 
Hospital 
Nursing  Homes 
Barber  Shops 
Beauty  Shops 
Dental  Offices 
Department  Stores 
Drug  Stores 
Industrial  Plants 
Laundry 

Launderette  -  Cleaners 
Meat  and  Grocery  Stores 
Motel  -  Hotel 
Physicians 
Restaurants 
Service  Stations 
and  Garages 
Theatre 

Local  Government  Bldg, 
Other  Establishments 


Gallons/24  hrs. 

3,675 

2,600 

126,500 

72,000 

27,000 

1,100 

625 

4,500 

6,390 

1,080 

5,760 

2,000 

3,000 

3,200 

1,250 

400 

11,000 

10,800 
900 
9,475 
14,095 


307,350 

546,469 

853,819 


Total  Non-Residential 
Single  and  Multiple  Family  Dwellings 
Total  Domestic  Requirement 
4.3  Water  Demand  During  Crisis  Relocation 

The  crisis  relocation  evaluation  assumes  that  the  normal  activities  of  the 
building  used  for  housing  and  feeding  relocated  persons  will  cease  during  the 
crisis  relocation.  Therefore,  the  normal  daily  consumption  calculated  for  each 
facility  can  be  reallocated  to  serve  a  stated  influx  of  persons.  This  same  con¬ 
cept  can  be  applied  to  the  community  at  large.  The  following  analysis  for  the 
Village  of  Warsaw  based  upon  these  ideas. 

Several  properties  have  been  identified  by  the  current  Director  of  Civil 
Defense,  Wyoming  County,  N.Y.,  as  possible  sites  for  housing  and  feeding  a  rela¬ 
tively  large  number  of  persons  under  crisis  relocation  conditions.  These 
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facilities  ara  evaluated  In  tarns  of  danand  and  supply  "impact"  on  the  Warsaw  ' 
municipal  watar  supply  and  sewer  system.  This  information  is  shown  in  two  separata  * 
sets  of  data  in  Table  4.3. 


Table  4.3: 1  Relocation  Sites 
Set  Site  Location 


Sleep ing/Feeding 
Capacity  (persons) 


Facility 


Cumulative 


Warsaw  High  School 

500 

75,500 

75,500 

Presbyterian  Church 

150 

22,650 

98,150 

Congregational  Church 

150 

22,650 

120,800 

I.O.O.F.  Headquarters 

75 

11,325 

132,125 

Methodist  Church 

75 

11,325 

143,450 

SUMMATION  SET  #1 

950 

143,450 

Fire  Stations  #1  &  #2 

350 

52,850 

196,300 

Baptist  Church 

75 

11,325 

207,625 

Trinity  Episcopal  Church 

100 

15,100 

222,725 

Knitting  Mill 

300 

45,300 

268,025 

SUMMATION  SET  01  &  #2 

1,775 

268,025 

Table  4.3  indicates  950  persons  could  be  located  in  facilities  identified  as 
Set  #1  assuming  normal  daily  consumption  for  the  stated  buildings.  However,  the 
normal  use  of  these  buildings  would  be  curtailed  so  the  water  consumption  can  be 
reallocated  to  "crisis  use."  Thus,  the  water  demand  for  the  buildings  comprising 
Set  01  would  be  only  130,175  gallons  per  day.  This  quantity  of  water  can  be  con¬ 
sidered  in  estimating  the  water  available  foi  the  "crisis"  relocation  of  persons 
to  Warsaw,  New  York.  Table  4.3  presents  site  locations  in  two  sets  for  a  specific 
reason.  Water  for  fire  suppression  operations  must  be  assessed  simultaneously 

'Note:  Calculations  are  based  upon  Institutional,  Commercial,  and  Industrial 
Water  Consumption  Requirements  developed  by  the  American  Society  of  Civil  Engineers 
(45). 
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with  consumer  consumption.  Tabic  4.4  presents  data  concerning  fire  flow  availabili¬ 
ty  in  terms  of  a  gallon  per  minute  delivery  rate  considering  average  daily  consump¬ 
tion,  maximum  dally  consumption,  and  the  alternative  consumption  requirements  under 
the  two  depicted  crises  relocation  supplemental  persons  plans. 

This  type  of  analysis  appears  important  in  planning  for  crisis  relocation 
movements  and  for  determining  threshold  levels  of  relocated  persons  that  can  be 
accommodated  by  a  given  community  or  the  alternative  considerations  that  must  be 
addressed  if  a  larger  number  of  persons  are  to  be  accommodated.  One  such  alterna¬ 
tive  might  be  the  shuttling  of  water  from  other  treated  water  facilities.  A  second 
alternative  might  be  the  use  of  auxiliary  water  supplies  for  fire  protection  (i.e. 
tank  trucks,  dammed,  creeks,  portable  holding  tanks  strategically  placed,  reinforced 
ground  level  fabric  tanks,  etc.). 

Table  4.4:  Relationship  of  Consumer  Consumption  Alternatives  and  Fire  Flow 
Availability 


Domestic  Consumption  Condition 

Average  Daily  Consumption  Rate 
(680,000  gal. /day) 

Maximum  Daily  Consumption  Rate 

Crisis  Relocation  Set  #1  Plus 
ADC  -  Day  Rate 

Crisis  Relocation  Set  #1  &  II 2 
Plus  ADC  -  Day  Rate 

instantaneous  Flow  Demand 
under  ADC 

instantaneous  Flow  Demand 
under  MDC 


Fire  Flow  Available 
1920  g.p.m. 

1380  g.p.m. 

480  g.p.m. 

78  g.p.m. 

720  g.p.m. 

510  g.p.m. 


*Not«:  Instantaneous  flow  demand  considers  peak  periods  on  the  water  system 
for  time  periods  not  to  exceed  20  minutes,  (i.e.  Evening  meal  time.) 
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The  above  analysis  only  considers  th«  demand  delivery  rata  on  the  water  system 
under  various  consumption  conditions.  Duration  of  delivery  rates  has  to  be  an  im¬ 
portant  consideration  in  avaluating  a  water  system  under  "Normal"  operating  condi¬ 
tions  and  under  conditions  of  "crisis  relocation".  Table  4.5  depicts  the  duration 
of  water  delivery  under  four  assumed  demand  conditions. 

Table  4.5:  Potential  Duration  of  Delivery 


Dem., ad  Condition 


Duration  Capability 


Average  Daily  Consumption  Rate 

Average  Dally  Consumption  plus 
1920  gpm  for  fire  flow 

Average  Daily  Consumption  plus 
Crisis  Relocation  Sat  If 1 
(No  fire  flow  consideration) 

Average  Daily  Consumption  plus 
Crisis  Relocation  Sets  //I  +  if 2 


12  hours 


8  hours 


9  hours 


8  hours 


4.4  Preliminary  Summary 

The  Village  of  Warsaw,  New  York  water  system  has  been  evaluated  relative  to 
normal  domestic  consumption  needs  and  special  demand  requirements.  The  special  de¬ 
mand  requirements  consider  water  for  fire  protection  purposes  and  alternative 
demands  for  defined  seta  of  population  movement  in  to  the  village  under  conditions 
of  a  "crisis  relocation."  This  analysis  leads  to  several  important  conclusions. 

1.  The  maximum  delivery  rate  of  the  water  system  does  not  meet  the 
combined  requirement  for  domestic  consumption  and  fire  flow 
simultaneously.  Under  conditions  of  maximum  daily  consumption 
the  watar  system  is  581  deficient. 

2.  The  maximum  delivery  rate  of  the  water  provides  averago  daily  con¬ 
sumption  plus  fire  flow  undar  a  condition  of  49%  deficiency, 

3.  The  additional  consideration  of  relocating  persons  in  the  Village 
of  Warsaw  under  "crisis  conditions"  results  in  a  consumer 
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coMUipUen  demand  that  leaves  practically  t&  water  available 
for  flra  protection  purpoaaa.  Therefore ,  auxiliary  auppliaa 
must  ba  considered  for  flra  protaction  purpoaaa. 

4,  A  potentially  attractive  way  of  handling  water  demand  in 

the  hoat  city  la  to  provide  an  adaptive  achedullng  of  inatan- 
taneoua  flow  demand  for  each  of  the  location  altea  where 
people  are  fed  and  housed.  Adaptatlve  achedullng  could 
avoid  the  situation  of  simultaneous  demand  from  several  com¬ 
munity  relocation  center*.  Pro-rated  adaptive  achedullng 
could  permit  a  water  system,  such  as  the  Warsaw  example  »  to 
accommodate  a  larger  number  of  Individuals  than  could  be 
permitted  under  per  capita  analysis  using  the  ASCK  criteria 
for  Instantaneous  flow  demand. 

4 . 5  Sewer  Treatment  Requirements 

Municipal  water  and  sewer  systems  have  an  Interesting  design  rela¬ 
tionship.  A  high  percentage  of  the  water  used  for  consumer  consumption 
finds  Its  way  Into  the  sanitary  sewer  system.  The  American  Water  Works 
Association  recommends  that  sewer  capacity  be  designed  to  accommodate 
from  80  per  cent  to  100  per  cent  of  the  maximum  day  ra.e  of  a  given  water 
supply  system  (45).  The  peak  capacity  of  the  sewer  system  may  consider 
the  overload  capacity  of  the  treatment  process  for  s  maximum  of  three 
hours . 

The  specific  consideration  of  sewage  treatment  for  Crisis  Relocation 
Planning  (CRP)  has  been  Investigated  by  Fisher,  Dickerson,  Meyer  and 
Wagnar  (46).  Their  final  report  titled  Emergency  Sewage  Procedure# 

During  Crisis  Relocation  provides  a  sound  technical  document  on  sewer 
treatment  .on# id# rat l on*  for  the  host  community.  Part  tl  of  that  study 
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provide!  an  operation*!  manual  organised  around  th«  different  c  lava  idea¬ 
tion  of  treatment  processes,  Following  a  brief  description  of  each  pro¬ 
cess  are  corresponding  worksheet*  detailing  each  individual  calculation 
needed  to  estimate  performance  of  the  different  processes  and  identify¬ 
ing  potential  trouble  areas  within  the  plant.  The  worksheets  provide  a 
step-by-step  analysis  of  present  operating  conditions,  the  projected 
operational  loadings  during  Crisis  Relocation,  and  the  effect  of  these 
increased  loadings  on  process  operations.  Fart  lit  of  that  report  deals 
with  the  disposal  of  waste  water  in  non-sewered  areas, 

tli is  study  phase  is  directly  concerned  with  the  assessment  of  water 
and  sew«r  supply  and  demand  characteristics  for  the  Village  of  Warsaw. 

New  York.  Consideration  has  already  been  given  to  water  demand  during 
a  potential  crisis  relocstion  to  this  Village  (Section  4.3).  This  sec¬ 
tion  considers  the  characteristics  and  capabilities  of  the  Wsrnsw  sewer 
system  under  the  condition  of  a  crisis  relocation. 

Warsaw  employs  s  primary  sedimentation  sewer  system.  The  treatment 
process  consists  of  holding  the  waste  water  in  a  large  tank  under  quies¬ 
cent  conditions  to  remove  suspended  solids  by  settling  under  the  influence 
of  gravity.  A  primary  clarifier  provides  a  method  of  removing  approx i- 
mately  one-third  of  the  biochemical  Oxygen  Demand  (BOD),  and  about  two- 
thirds  of  the  suspended  solids  from  the  domestic  waste  water.  Hie  amount 
of  BOD  and  suspended  solids  removed  in  the  primary  clarifier  has  a  direct 
effect  on  the  peak  load  which  must  be  handled  by  other  treatment  processes 
(i.e.  chlorination);  for  this  reason  it  is  impovtant  to  evaluate  the  treat¬ 
ment  overload  efficiency  of  the  primary  clarifier  and  crisis  relocation 
condi.  tionn . 

Hie  hydraulic  overflow  rate  is  the  major  parameter  that  governs  the 
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efficiency  of  the  primary  clarifier  for  removing  both  suspended  solid* 
and  BOD.  Therefore,  thia  "rate"  i*  evaluated  and  charted  in  Table  4-6 
for  the  Waraaw  aever  ayatem.  It  ahould  be  noted  that  the  Waraav  treat¬ 
ment  facility  vaa  modified  and  expanded  in  1979.  Mot  only  haa  the  treat¬ 
ment  process  been  expanded  to  a  day  rate  of  1,200,000  raw  gallon*  but  the 
primary  trunk  line*  from  the  center  portion  of  the  community  have  been 
replaced  with  higher  capacity  conduit.  Therefore,  it  ahould  be  observed 
that  currently  the  sewer  ayatem  capacity  exceed*  the  maximum  water  con¬ 
sumption  rate  by  approximately  200,000  gallons  of  waste  water  per  day. 

The  data  summary  presented  in  Table  4-3  provides  some  important 
insights  concerning  the  current  capability  of  the  Waraaw  treatment  plant 
to  handle  the  potential  influx  of  persona  due  to  a  crisis  relocation 
condition. 


Table  4-6  Sewer  System  Treatment  Rate  Characteristics 


System  Design  Rate  Capacities, 


♦Water  Supply  -  Sewer  System  Balance  Rate. 


Sewer  System  Hydraulic  Overload  (3  hr.  period)  . 

Sower  System  Hydraulic  Overload  with 

Supplemental  Chlorination  (3  hr.  period)  .  .  . 


"  '  or*" 


926  gpm 
1,268  gpm 

1,535  gpm 


*Note:  Based  upon  published  water  consumption  rates  and  corresponding 
treatment  requirements  it  may  be  assumed  that  7.0  per  cent  of  the  water 
used  does  not  enter  the  sewer  system. 
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j1  This  evaluation  clearly  illustratai  that  for  demand  periode  up  to 

3  hours,  the  Warsaw  sewer  system  can  handle  more  waste  water  than  the 
water  system  can  deliver  for  domestic  consumption, 

4.6  Supplemental  Waste  Facility  Capability 

Current  Crisis  Relocation  (CR)  plans  require  that  a  large  propor¬ 
tion  of  the  host,  area  population  be  located  in  rural  areas  which  are 
generally  not  served  by  public  sewage  systems.  Warsaw  is  a  moderately 
sised  village  in  the  heart  of  a  rural  dairy  county.  Previous  studies 
indicate  that  15%  of  the  Village  fringe  aroa  uses  septic  tanks(47).  The 
entire  area  outside  the  Village  is  serviced  by  individual  septic  services 
This  study  is  limited  to  the  potential  impact  of  a  crisis  relocation 
of  people  to  the  Village  of  Warsaw,  New  York.  The  service  capability 
beyond  the  village  limits  is  beyond  the  scope  of  this  study.  However, 
a  variable  alternative  to  locating  large  numbers  of  persona  in  communi¬ 
ties,  municipalities,  and  villages  is  to  disperse  the  relocated  persons 
to  individual  private  residences  in  rural  areas. 


I 
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V.  Modal  Building  Coda  and  Waft  Supply  Requirements 

Watar  supply  requirements  for  domestic  and  fira  protaction  naads  in  tha 
avant  of  crisis  relocation  vara  discussed  in  tha  preceding  section*.  Tha 
theoretically-based  method  and  tha  four  most  appropriate  methods  for  calcu¬ 
lating  fira  flow  previously  discussed  along  with  tha  calculation  method  for 
domestic  needs  will  now  be  applied  to  investigate  tha  impact  of  modal  building 
coda  requirements  upon  watar  supply  requirements.  Tha  four  modal  building 
codas  regulate  tha  maximum  height  and  area  of  buildings  by  tha  construction 
type  and  occupancy  class  of  the  building,  all  of  which  are  factors  considered 
in  calculating  watar  supply  requirements.  Thus,  it  appears  that  these  building 
coda  requirements  may  affect  watar  supply  requirements. 

5.1  The  Selected  Buildings  and  Complexes  for  Analysis 

Ten  individual  building  types  and  six  types  of  complexes  of  buildings  are 
selected  for  analysis  of  the  apparent  relationship  between  building  code  and 
fire  flow  requirements.  The  selected  buildings  and  complexes  consist  of  a 
variety  of  buildings  without  intending  to  be  all-inclusive  of  the  many  types 
of  buildings  and  complexes  of  buildings.  Those  types  selected  are  considered 
to  be  appropriate  examples  of  a  wide  variety  of  buildings  and  thus  building 
code  and  water  supply  requirements.  These  buildings  also  are  selected  con¬ 
sidering  the  condition  of  crisis  relocation  on  a  community,  to  which  it  may  be 
desirable  to  maintain  the  delivery  of  an  adequate  supply  of  water  for  domestic 
and  fire  protection  requirements. 

The  sixteen  selected  buildings  and  complexes  are  noted  in  Table  5.1  with 
a  brief  description  of  each.  The  first  ten  refer  to  individual  buildings, 
whereas  the  remaining  six  complexes  refer  to  a  cluster  of  buildings. 

5.2  Model  Building  Codes  Selected  for  Analysis 

The  four  model  building  codes  widely  utilised  in  tha  United  States  are: 
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Tabla  5.1  The  Selected  Building  and  Conplax  Typaa 

Hospital:  Building  contains  occupants  with  limitad  mobility  du«  to  baing  undar 
medical  care  <48) . 

High-Rise  Office:  Building  of  at  laast  six  storias  in  haight  vhlch  ia  occupiad 
for  bus inass  purposas  (48) , 

Furniture  Warahousa;  Building  containing  furniture  for  ratail  and  storaga  purposas. 

Mattress  Factory:  Building  in  which  mattressaa  ara  manufactured  and  raw  materials 
anti  finished  products  are  stored. 

Department  Store:  Building  containing  merchandise  of  a  wide  variety  of  materials, 
generally  not  highly  combustible  for  display  and  sale  (48). 

Library:  Building  containing  large  quantities  of  books  and  other  assorted  reading 
material  and  space  for  more  than  50  or  more  persons  to  congregate  for  use  of 
these  materials  (48). 

Detached  Single  Family  Dwelling:  Building  in  which  persons  of  one  family  reside 
and  sleep  which  is  separated  by  distance  from  neighboring  buildings  (48). 

Attached  Single  Family  Dwelling:  Building  in  which  persons  of  one  family  reside 
and  sleep  which  is.  separated  from  neighboring  buildings  by  one-hour,  fire-rated 
partitions  (48), 

Garden  Apartment:  Building  of  three  stories  in  height  or  less  in  which  persons 
oi!  more  than  one  family  reside  and  sleep  (48). 

Rolled  Paper  Warehouse:  Building  contains  rolled  paper  materials  chiefly  for 
storage  purposes  T48) . 

High  Density  Residential  Complex:  More  than  one  building  of  the  garden  apartmant 
type  or  one  residential  unit  per  5,000  square  feet  or  less  (49). 

Medium  Density  Residential  Complex:  More  than  one  detached  single  family  dwelling 
with  a  density  between  one  residential  unit  in  5,000  square  feet  and  one  in 
20,000  square  feet  (49). 

Low  Density  Residential  Complex:  More  than  one  detached  single  family  dwelling 
with  a  density  of  more  than  one  residential  unit  in  20,000  square  feet  (49;. 

Detached  Commercial  Complex:  Several  buildings  containing  products  for  display 
and  sale,  with  buildings  being  in  close  proximity  to  each  other  (e.g.  30  feet 
separation  between  buildings)  (48). 

Shopping  Center:  Several  commercial  buildings  (used  for  th«  display  and  sale  of 
assorted  merchandise)  housed  under  a  single  roof. 

Industrial  Park:  Several  buildings  used  for  the  manufacture  and/or  storage  of 
materials  of  limited  combustibility,  tor  which  the  manufacturing  process  is 
not  highly  hasardous . 
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BOCA  Basic  Building  Cods  by  the  Building  Officials  and  Coda  Administrators 
International,  Inc.  (BOCA)  (30) 

National  Building  Coda  by  tha  American  Insurance  Association  (AIA)  (31) 

Standard  Building  Code  by  the  Southern  Building  Code  Congress  Inter** 
national,  Inc.  (SBCC)  (52) 

Uniform  Building  Code  by  the  International  Conference  of  Building 
Of  fTcIals  7lCB0T'f53  ) 

( 

I  5.2.1  Occupancy  Classes 

|  The  model  building  codes  classify  buildings  according  to  occupancy.  Each 

code  has  a  unique  set  of  occupancy  classes.  Conceptually,  the  classes  are 
similar  for  the  codes,  however  many  of  the  specific  classes  are  not  identical, 
even  if  the  same  letter  is  used  for  a  particular  occupancy  class. 

The  occupancy  classes  for  the  sixteen  selected  buildings  and  complexes 
according  to  the  four  model  building  codes  is  presented  in  Table  5.2.  Examina¬ 
tion  of  the  table  indicates  that  the  sixteen  buildings  and  complexes  are  classi¬ 
fied  by  ten  different  occupancy  classes  by  BOCA,  eight  by  AIA  and  SBCC  and  six 
by  ICBO. 

5.2.2  Construction  Types 

The  model  building  codes  categorise  the  structure  into  construction  types, 
based  on  composition  and  fire  resistivity  of  the  materials  utilised  for  the 
structural  members.  Each  model  code  has  a  unique  stystem  of  classification, 
however  the  systems  are  not  entirely  dissimilar.  A  comparison  of  the  classi¬ 
fication  systems  is  presented  in  Table  5.3 

5.2.3  Maximum  Height  and  Area  Limits 

The  four  model  building  codes  limit  the  maximum  height  and  area  of  buildings 
by  occupancy  class  and  type  of  construction.  The  BOCA,  SBCC  and  ICBO  codes 
specify  these  limits  by  a  matrix;  of  construction  types  and  occupancy  classes. 
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Table  5.2  Occupancy  Type*  of  the  Selected  Buildings  and  Complexes 


Hospital 

High-Rise  Office  Building 
Furniture  Warehouse 
Mattress  Factory 
Department  Store 
Library 

Single  Family  Dwelling 

Townhouse 

Garden  Apartment 

Rolled  Paper  Storage  Warehouse 

High  Density  Residential  Complex 

Moderate  Density  Residential  Complex 

Low  Density  Residential  Complex 

Detached  Commercial  Complex 

Shopping  Center 

Industrial  Complex 


BOCA 

AIA 

SBCC 

ICBO 

1-2 

Health-Care 

I 

I  Div. 

B 

Business 

B 

B  Div. 

S-l 

Storage 

S 

B  Div. 

H 

High  Haaard 

H 

H  Div. 

M 

Mercantile 

M 

B  Div. 

A-3 

Educational 

A-2 

A  Div. 

R-4 

Residential 

R 

R  Div. 

R-3 

Residential 

R 

R  Div. 

R-2 

Residential 

R 

R  Div. 

S-l 

Storage 

S 

B  Div. 

R-3 

Residential 

R 

R  Div. 

R-4 

Residential 

R 

R  Div. 

R-4 

Residential 

R 

R  Div. 

M 

Mercantile 

M 

B  Div. 

M 

Mercantile 

M 

B  Div. 

F 

Industrial 

F 

B  Div. 

1 

2 

2 

3 

2 

3 

3 

3 

1 

2 

3 

3 

3 

2 

2 

2 
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to  the  Model  Building  Codes 


3tfpmrnvfi;rr,’!Tl 


r-’l’TrT’l  w.wi'fv  ^  j* 


Thfl  AXA  cod*  specifies  these  limits  by  construction  typs  vhich  is  thsn  altered 
by  consideration  of  sach  occupancy  class  with  ths  types  of  construction. 

The  maximum  height  and  areas  specified  by  each  of  the  model  codes  are 
noted  in  Tables  5. A  through  5.7  for  the  occupancy  classes  of  internet  for  this 
project,  i.e.  those  classes  which  relate  to  the  sixteen  selected  buildings  and 
complexes. 

5.3  Fire  Flow  Requirements 

The  four  most  appropriate  existing  methods  for  calculating  fire  flow 
were  identified  in  an  earlier  section.  A  theoretically-based  method  was  also 
described  in  an  earlier  section.  The  four  existing  methods  and  the  theoretically- 
based  method  are  applied  in  this  section  to  calculate  the  water  supply  require¬ 
ments  for  fire  protection  for  the  largest  buildings  of  the  sixteen  selected  types 
which  are  permitted  according  to  the  four  noted  model  building  codeB. 

5.3.1  Application  of  the  Fire  Flow  Calculation  Techniques 

The  four  existing  calculation  techniques  (discussed  in  section  III)  (30,3,31, 
43)  all  utilise  floor  area  of  the  building.  However,  the  methods  by  ISO  (3)  and 
PRFfi  (43)  consider  the  total  floor  area  of  the  building  within  a  two-hour  fire  re¬ 
sistant  enclosure.  The  methods  by  IITRI  (30)  and  ISU  (31)  utilize  the  floor  area 
of  the  segment  of  the  building  involved  by  the  fire.  The  theoretically-based 
method  (developed  in  Section  II)  utilizes  window  and  door  area  of  ths  compart¬ 
ment  involved  by  the  fire.  Sane  of  these  fire  flow  methods  allow  adjustments  to  be 
made  or  require  that  certain  conditions,  e.g.  occupancy  hazard,  etc.  be  known 
before  application  of  the  technique  is  possible. 

Therefore,  in  order  that  meaningful  comparisons  can  be  made  between  the 
results  of  the  calculation  techniques,  certain  assumptions  are  determined  to  be 
necessary.  The  assumptions  are  noted  below  individually  for  each  technique. 
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Table  $.4  Height  end  Area  Limits  According  to 


BOCA* 


Type  at  Conn true t ion 


1  1A  _ 

IB 

2A 

28 

2C 

I _ SA _ 

SB 

SC 

A- 3 

B 

■ 

Sat, 63' 
19,930 

Sat, 40' 
13,123 

2at ,30* 
8,400 

mm 

Sat, 40' 
11,550 

2et  ,30' 
8,400 

lat,  20' 
8,923 

B 

B 

HI 

7et,83' 

34,200 

Set, 63' 
22,300 

Sat, 40' 
14,400 

Sat. 65' 
21,600 

4at,30* 

19,600 

3at,40' 

14,400 

Sat, 40' 
13,300 

2at  ,30* 
7,200 

F 

B 

H 

|gy?w?J 

4at,S0' 

13,000 

2at  ,30' 
9,600 

4at , 30' 
14,400 

Sat  ,40' 
13,200 

2at,30* 

9,600 

2at ,30' 
10,200 

lat, 20' 
4,800 

H 

- 1 

Sat, 63' 
16,800 

3at ,40' 
14,400 

3at,40' 

11,400 

■ 

lat,20' 

4,800 

i _ 

b 

2et,30' 

6,600 

lat ,20' 
4,800 

lat, 20' 
5,100 

N.F . 

1-2 

B 

Bat, 90' 
21,600 

01 

■ 

B 

2a t , 30 ' 
10,800 

2at ,30' 
9,900 

B 

■ 

N.F. 

H 

X 

X 

6at,73' 

22,800 

4at  ,30' 
13,000 

2at,30* 

9,600 

4at,50* 

14,400 

Sat, 40' 
13,200 

1  2at,30‘ 
9,600 

■ 

a 

R-2 

Bi 

9at,100' 

22,800 

4a  t , 30 ' 
13,000 

3at,40 1 
9,600 

4at, 30* 
14,400 

■ 

Sat, 40' 
9,600 

Sat. 40' 
10,200 

R-3 

B 

H 

4at,50' 

13,000 

3at ,40' 
9,600 

4at,50' 

14,400 

3at,40' 

9,600 

Sat, 40' 
10,200 

2  %a  t , 3  5 
4,800 

S-l 

■ 

— 

rag 

mm 

.MIIJl 

lata 

mm 

mm 

m 

Sat ,40' 
11,330 

2at ,30' 
8,400 

Sat, 30' 
8,925 

meBmI 

>•  are  1  i  2  it.  bldg* .  only. 
Kay: 

UH  Unliaitad  Haight 
UA  Unliaitad  Araa 
HP  Not  Faraittad 


«pwn?»W“*' 


Tab l*  5.5  Haight  and  Area  Limit •  According  to: 
AIA 

General  Table 


1 

Con* traction  Type 

Height  Liniea  (ft.) 

Area  Limit*  (ft*) 

On*  Story  Multi-Story 

1 

Fir*  Ratiativa  Type  A 

UH 

UA 

UA 

Fira  R**i*tiv*  Type  B 

*5 

UA 

UA 

1 

.i 

<T 

Protected  Limited  Combustible 

75 

11,000 

12,000 

I 

1' 

Heavy  Timber 

» 

12,000 

6,000 

V 

t 

Ordinary 

AS 

9,000 

6,000 

i' 

!' 

i 

Unprotected  Limited  Combu* tibia 

35 

»,000 

6,000 

Wood  Frame _ 

35 

6.000 

6.000 

Alteration*  to  General  Table 

Type  of  Construction 

Unprotected 

Fir*  R**i*tiv* 

Protected 

Heavy 

limited  Wood 

Occupancy  A  1 

Limited  Combustible 

Timber 

Ordinary  Combustible  From 

Health-Car* 

l  *t. 

HP 

NP 

HP  HP 

Kight  Hatard 

2  at. 

NP 

HP 

1  *t.  NP 

Residential 

- 

- 

3  *t. 

3  st.  2  *t 

Storage 

- 

5000 

5000 

5000  5000 

No  change*  to  general  table  necessary  for  business,  educational,  industrial  or  mercantile 
occupant ie* . 

Key: 

UH  Uni ini  ted  Height 
UA  Unlimited  Area 
NP  Not  Permitted 
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Teble  3.6  Height  and  Area  Limits  According  to: 


S8CC 


I 

V 

V 

[I 

Occupancy 

I 

II 

III 

Prot. 

Unprot . 

Prot. 

Unprot. 

Prot. 

Unprot . 

A- 2 

UH 

80' 

1  et 

1  at 

1  at 

1  at 

1  at 

NP 

NP 

UA 

UA 

12,000 

12,000 

8,000 

12,000 

8,000 

B 

UK 

80* 

5  at 

5  at 

2  at 

5  at 

2  at 

2  at 

2  at 

UA 

UA 

25.500 

25,500 

17,000 

21,000 

14,000 

13,500 

9,000 

H 

A  at 

3  at 

2  at 

1  at 

1  *t 

1  at 

1  at 

NP 

NP 

11,500 

8,300 

7,500 

5,000 

5,000 

5,000 

5,000 

r 

UH 

80* 

3  at 

2  at 

2  at 

2  at 

2  at 

1  St 

1  at 

UA 

UA 

31,500 

31,500 

21,000 

22,500 

15,000 

15,000 

10,000 

r 

UH 

80* 

2  at 

2  at 

NP 

2  at 

NP 

1  at 

NP 

UA 

UA 

24,000 

21,000 

21,000 

22,500 

M 

UH 

80* 

5  at 

5  at 

2  at 

5  at 

2  at 

2  at 

2  at 

15,000 

15,000 

13,500 

13,500 

9,000 

13,500 

9,000 

9,000 

6,000 

R 

4  at 

3  at 

A  «t 

3  at 

A  at 

3  at 

3  at 

2  at 

UA 

UA 

18,000 

18,000 

12,000 

18,000 

12,000 

10,500 

7,000 

S 

UH 

6  at 

2  at 

2  at 

2  at 

2  at 

2  at 

1  at 

1  at 

UA 

30,000 

24,000 

24,000 

16,000 

24,000 

16,000 

9,000 

6,000 

K.y: 

UH  Unlimited  Height 
UA  Unlimited  Area 
NP  Not  Permitted 
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Table  5,7  Height  and  Area  Limits  According  to 


ICBO 


TYPE  OF  CONSTRUCTION 


Occupancy 

I 

11 

III 

IV 

FR 

1  hr. 

N 

1  hr. 

_ N 

H.T. 

UH 

1 

2  st . 

1  st. 

?  st. 

M 

ADtv3 

UA 

1 

10,100 

6,800 

10,100 

w-n-wi 

ilM 

UH 

12  st. 

4  st, 

Hi 

m 

Hi 

m 

BDiv2 

UA 

30,000 

13,500 

Kim 

mm 

HI 

UH 

5  st. 

2  st. 

Hi 

1  st. 

Hi 

hDiv3 

UA 

18,600 

8,400 

mm 

5,600 

IDivl 

UH 

1  st. 

NP 

NP 

Hi 

UA 

BtwIjU 

5,100 

Ha 

mm 

RDivl 

UH 

m 

4  st. 

2  st. 

4  st. 

2  st . 

4  st. 

UA 

Hi 

10,100 

6,800 

10,100 

6,800 

10,100 

UH 

3  st. 

3  st. 

3  st. 

3  st. 

3  st. 

3  st. 

RDi  v3 

UA 

UA 

UA 

UA 

UA 

UA 

UA 

total  area  of  all  floors  <  2  x  1  at.  area  (shown  above) 


Key: 

Height  (stories) 

Area  (ft1) 

UH  Unlimited  Height 
UA  Unlimited  Area 
NP  Not  Permitted 
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UTRI  (30) 

^rr  Th« 


IT  Th«  fir*  *r*a  included  in  th*  equation  it  th*  total  floor  area 
contained  within  on*-hour,  fir«-r*t*d,  vortical  and  horizontal 
asswnblies,  *.g,  floors  and  walla. 

2.  For  residential  occupancies,  th*  fir*  flow  i*  given  by: 

G  -  0.5  A  -  9  x  10"!  A4 

wher*  th*  fire  area,  A,  it: 

200  <  A  <  5,000  ft4 

3.  For  non-r«aid«ntial  occupancies,  the  fire  flew  is  given  by: 

G  -  0.42  A  -  1.3  x  l<f»  Ac 
wher*  th*  fir*  area,  A,  is: 

1,000  <  A  <  30,000  ft4 

ISO  (3) 

T,  The  ar*a  A,  is  the  floor  area  of  the  building. 

2.  The  occupancy  haaard  is  considered  to  be  moderate  except  as  noted 
b  low : 

Low:  Residential  occupancies,  high-rise  office 
High:  Mattress  factory 

3.  Buildings  are  not  considered  to  be  sprinklered,  unless  entire  building 
must  b«  aprinklered  according  to  the  model  building  code  for  all 
buildings  of  that  particular  occupancy  class. 

4.  No  exposure  haaard  surcharges  are  included,  except  as  noted  below: 

a.  High  Density  Residential:  253 

b.  Detached  Commercial:  203 

c.  Medium  Density  Residential 

and  Industrial  Park:  153 

ISU  (31) 

1.  The  fire  area  considered  in  this  technique  is  th*  total  floor  area 
contained  within  one-hour,  fire-rated,  vertical  And  horisontal 
assemblies,  e.g.  floors  and  walls. 

2.  The  height  of  a  story  is  twelve  feet. 

PFRB  (43) 

17  Combustible  contents  for  all  buildings  ar*  considered  to  b*  either 
* C”  (moderate  burning  rate)  or  'D'  (fairly  rapid  burning  rate)  except 
in  mattress  factory  where  combustible  contents  ar*  assumed  to  b*  of 
degree  '&'  (quit*  rapid  burning  rate)  (43,  p.  5). 


Theory 

1.  Window  era*  in  assumed  to  be  ten  percent  of  the  floor  area  of  the 
compartment.  Thia  ansumption  reaulta  from  model  building  coda 
provisions  for  openinga  in  exterior  walla,  uni as a  the  building 
ia  spr inkier ed,  aa  ahown  below.  The  codas  formulated  by  BOCA 
aud  ICBO  require  20  square  feet  of  openinga  for  each  SO  feet  of 
perimeter  (section  1202.13  of  the  1978  edition  of  the  BOCA  Basic 
Building  Code  (3Q)  *pd  3807..  1  of  the  1976  edition  of  the  Uniform 
Building  Code  (S3).  If  the  building  is  aaeumad  to  have  a  square 
foundation,  then  the  area  of  the  building,  is: 

■  hi  (Perimeter)2 

Then  the  ratio  of  the  area  of  the  window,  A  can  be  related  to  the 
building  area,  in  accordance  with  t:he  requirements  of  tha  cited 
sections  is: 

A 

~  -  20  -  12. 8% 

D  (50)2 
4 


Therefore:  A  ■  .128  A.  which  is  rounded-off  to  yield:  A  >'*  10  A^, 

since  the  1971S  edition  of  the  National  Building  Code  (51)  and  Standard 
Building  Coda  (52)  produce  ratios  slightly  lower  than  0.1  when  following 
the  same  procedure  aa  presented  above. 

2.  Window  height  is  assumed  to  be  4  feet. 

3.  The  average  fuel  height  is  assumed  to  be  three  feet  for  all  occupancy 
classes,  except  residential,  high-rise  office  and  hospital  where  the 
fuel  height  is  assumed  to  be  one  foot.  Considering  these  fuel  heights 
all  fires  are  concluded  to  be  fuel  controlled  so  <£_  is  always  greater 

A 

f 

than  3.22  for  floor  areas  in  excess  of  27.7  square  feat. 

5.3.2  Selection  of  the  Largest  Permitted  Buildings. 

Since  the  required  fire  flow  is  directly  proportional  to  the  total  floor 
area  of  the  building,  then  largar  floor  areas  imply  higher  fire  flows.  As 
previously  noted,  the  model  building  codes  limit  the  height  and  area  (and  thus 
total  floor  area)  of  buildings,  according  to  the  construction  type  of  the  building. 

Thus,  to  calculate  the  highest  fire  flow  requirements  associated  with  buildings 
in  compliance  with  the  model  building  codes,  the  largest  permissible  total  floor 
area  for  the  sixteen  selected  buildings  and  complexes  must  be  determined  for  the 
various  types  of  construction.  This  is  determined  through  the  application  of 
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Tables  3.4,  5.3,  5.6  and  5.7  for  the  appropriate  coda  along  with  the  stipulated 
adjustment*.  Thus,  tha  total  maximum,  permissible  floor  araa  is  not  simply  tha 
product  of  tha  maximum  allowable  floor  araa  and  tha  maximum  allowable  number  of 
stories.  BOCA  and  ICBO  require  adjustments  to  be  aar*i  to  tha  maximum  allowable 
floor  araa  for  buildings  greater  whan  two  storios  in  height.  The  other  two  model 
codas  by  SBCC  and  A1A  require  no  adjustment,  thus  tha  maximum  height  and  area  of 
a  given  building  is  simply  th-  maximum  height  and  the  maximum  area  of  the  buildi  g 
for  a  particular  occupancy  class.  The  buildings  resulting  in  the  largest  allowable 
total  floor  areas  for  the  codes  formulated  by  BOCA  and  ICBO  are  noted  in  Tables  5.8 
and  5.9  for  SBCC  in  Table  5.6  and  Lor  AZA  in  Table  5.10. 

5.3.3  Fire  Flow  Calculation* 

Fire  flow  requirements  for  the  largest  permissible  building  according  to  the 
four  model  building  codec  were  computed  utilising  the  five  calculation  techniques. 

The  results  of  these  calculations  are  presented  in  Tables  5.11  through  5.14.  Fire 
flows  are  noted  in  units  of  gallons  per  minute  (gpm)  for  each  recognised  construction 


type  by  the  respective  code. 

Examination  of  tha  four  tables  indicates  that  there  arc  three  designations  other 
than  quantities:  "UL",  "NP"  and  The  "UL"  indicates  Che  fire  flow  requirement 

is  unlimited,  a  result  of  the  code  allowing  the  building  area  to  be  unlimited.  "NP" 
is  noted  in  cases  where  the  code  does  not  permit  the  occupancy  for  the  particular 
construction  types.  is  indicated  if  the  limitations  of  the  fire  flow  calculation 

technique  were  exceeded. 

5.4  Discussion 


Fire  flow  requirements  have  been  presented  for  a  variety  of  occupancy  of  several  \ 

construction  types  as  regulated  by  the  four  major  model  building  codes.  A  wide  range  < 

i 

of  fire  flow  requirements  are  apparent  in  the  Tables  5.11  through  5.14.  £n  this  section,! 

A 
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Tabic  5.8  Maximum  Allowable  Building  Height  and  Area  According  to 


Table  3.9  Maximum  Allowable  Building  Height  and  Area  According  to: 


1CB0 


Type  of 

Construction 

Occupancy 

I 

FR 

II 

1  Hr. 

LN _ 

III 

1  Hr. 

N 

IV 

1  Hr. 

N 

ADiv3 

UL 

22500 

10100 

10100 

1  St. 

6800 

10100 

7900 

1  St. 

4500 

BDiv2 

UL 

6  St. 

10000 

13500 

9000 

13500 

9000 

13500 

10500 

6000 

HDiv3 

UL 

18600 

8400 

1  St. 

5600 

8400 

1  St. 

5600 

8400 

6600 

1  St. 

3800 

IDivl 

UL 

11300 

1  St. 

5100 

NP 

1  St. 

5100 

NP 

1  St. 

5100 

1  St. 

3900 

NP 

RDivl 

UL 

22500 

10100 

6800 

10100 

6800 

10100 

7900 

4500 

RDiv3 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

All  buildings  2  story,  unless  otherwise  noted. 


Table  5.10  Maximum  Allowable  Building  Height  and  Area  According  to 

AXA 


Type  of  Construction 


H 

11 

m 

■H 

mm 

0911 

6  St. 

4  St. 

3  St. 

Business 

UL 

UL 

12,000 

■ 

4,000 

Educational 

6  St. 

5  St. 

4  St. 

4  St. 

3  St. 

Industrial 

UL 

UL 

12,000 

8,000 

6,000 

6,000 

4,000 

Mercantile 

2  St. 

Health-Care 

UL 

UL 

18,000 

NP 

NP 

NP 

NP 

2  St. 

High  Hazard 

UL 

UL 

12,000 

NP 

NP 

NP 

NP 

3  St. 

3  St. 

3  St. 

3  St. 

2  St. 

Residential 

UL 

UL 

12,000 

8,000 

6,000 

6,000 

4,000 

6  St. 

5  St. 

4  St. 

4  St. 

3  St. 

Storage 

UL 

UL 

12,000 

8,000 

5,000 

5,000 

5,000 

1 


V 

% 

P 

k 

i. 

i 

i 


r 


mu  S.U  rtr*  Ploy,  tor  M**i*u*  H*ltht  a„d  Area  lutldtnaa  Allowed  by, 


Occupancy 


bOCA 

Typ«  of  Cone t ruction 

u 


nt 


IV 


A- 3 

mt 

ISO 

ISU 

pm 

Theory 

ul 

UL 

UL 

UL 

Ul 

UL 

Ul. 

UL 

UL 

UL 

3380 

4230 

2040 

2000 

2408 

2980 

2500 

1280 

1750 

1520 

3380 

1750 

2020 

1250 

2390 

2910 

3250 

1210 

1750 

1470 

2770 

3000 

1110 

1250 

1350 

c 

3380 

2250 

2020 

1250 

2390 

_ " 

2710 

2500 

1070 

1000 

1310 

3 

1530 

1750 

500 

750 

650 

B 

TITS! 

ISO 

ISU 

PFRB 

Theory 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

2220 

4500 

3078 

2250 

3420 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NT 

NP 

NP 

NP 

NP 

NP 

"Sflft 

ISO 

ISU 

PFRB 

Thaory 

UL 

UL 

UL 

UL 

UL 

UL 

11 

UL 

UL 

11 

3360 

4750 

2190 

2000 

2580 

3170 

3250 

1440 

1750 

1730 

3270 

2000 

2300 

1250 

2510 

3110 

4250 

1380 

1750 

1870 

2990 

37  50 
1270 
1750 
1530 

3270 

3000 

2300 

1250 

2510 

2930 

3750 

1220 

1570 

1480 

1720 

2000 

580 

750 

730 

^Tri 

ISO 

ISU 

PFRB 

Thaory 

3390 

2000 

2020 

2500 

2390 

3350 

1500 

1730 

2000 

2060 

3020 

1500 

1300 

2000 

1570 

2430 

1000 

900 

1500 

1110 

1720 

750 

580 

750 

730 

2350 

1500 

880 

1500 

1070 

2210 

1250 

79  0 
1500 
980 

1720 

750 

580 

750 

730 

1800 

1250 

610 

1250 

770 

NP 

NP 

NP 

NP 

Nr 

JL ± 

UTRI 

ISO 

ISU 

PFRB 

Thaory 

UL 

UL 

UL 

UL 

UL 

JO  to 

1500 

2590 

2250 

2880 

U80 

17  50 

18  30 
2000 
2070 

1080 

1250 

1350 

1750 

1520 

4500 

7  50 

880 

1000 

980 

3020 

1500 

1300 

1750 

1480 

2880 

1250 

1190 

1250 

1340 

4  500 

750 

860 

1000 

980 

2450 

1250 

920 

1000 

1040 

NP 

NP 

NP 

NP 

Nr 

R-2,3 

TTTRT 

* 

* 

♦ 

* 

ISO 

ISU 

PFRB 

Thaory 

S-t 

utri 

ISO 

ISU 

t’FRB 

Th«%»ry 

11 

11 

11 

11 

tl 

Ul. 

UL 

UL 

3000 

2480 

2250 

2740 

2500 

1-40 

17  50 
1820 

17  50 
2780 
1250 
3070 

3250 

1380 

1750 

1550 

3250 

1270 

1750 

1430 

* 

2500 

2780 

1250 

3070 

* 

3  500 

980 

1250 

1110 

a 

2250 

1440 

750 

1300 

UL 

UL 

UL 

UL 

UL 

Ul, 

Ul. 

UL 

UL 

UL 

3380 

4250 

2040 

2000 

2408 

2980 

.100(1 

1280 

1  7  50 

1 5210 

3270 

2000 

2020 

1250 

2510 

2910 

3500 

1210 

17  50 

1470 

2770 

1000 

1110 

1250 

1350 

3  380 
2250 
2020 

1250 

2300 

2710 

3  500 

1070 

1250 

1310 

1530 

17  50 

500 

750 

650 

Tab  la  5.12  Fir*  Flow*  Cor  Maximum  Haight  and  Area  Buildings  Allowed  by 


AIA 


Occupancy 

_ A_ _ B 


Type  of  Construction 
PLC  HT  Ord  ULC _ _ WF 


IITRI 

ISO 

ISU 

PFRB 

Theory 

Educational. 

UL  UL 

UL  UL 

UL  UL 

UL  UL 

UL  UL 

Industrial, 

3170 

2250 

1440 

1750 

1620 

Marcantile 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

NP 

IITRI 

UL 

UL 

3170 

2530 

2590 

3350 

3170 

ISO 

UL 

UL 

3000 

3500 

2750 

2000 

300U 

ISU 

UL 

UL 

1440 

960 

2880 

2160 

1440 

PFRB 

UL 

UL 

1750 

1250 

1250 

1250 

750 

Theory 

UL 

UL 

1730 

1180 

3360 

2550 

1730 

Health-Care 

IITRI 

UL 

UL 

3350 

NP 

NP 

NP 

NP 

ISO 

UI. 

UL 

1500 

NP 

NP 

NP 

NP 

ISU 

UL 

UL 

2160 

NP 

NP 

NP 

NP 

PFRB 

UL 

UL 

1500 

NP 

NP 

NP 

NP 

Theory 

UL 

UL 

2410 

NP 

NP 

NP 

NP 

Hiah  Hazard 

IITRI 

UL 

UL 

3170 

NP 

NP 

2050 

NP 

ISO 

UL 

UL 

2750 

NP 

NP 

1250 

NP 

ISU 

UL 

UI. 

1440 

NP 

NP 

720 

NP 

PFRB 

UL 

UL 

2000 

NP 

NP 

1250 

NP 

Theory 

UL 

UL 

1730 

NP 

NP 

900 

NP 

Res idential 

IITRI 

«. 

A 

A 

A 

A 

A 

A 

ISO 

UL 

UL 

2000 

2000 

2000 

1500 

2000 

ISU 

UL 

UL 

1440 

960 

2160 

2160 

960 

PFRB 

UL 

UL 

1750 

1250 

1250 

1250 

750 

Theory 

UL 

UL 

1620 

1090 

2410 

2410 

1090 

Storage 

IITRI 

UL 

UL 

3170 

2530 

3200 

3370 

3370 

ISO 

UL 

UL 

3000 

3500 

2500 

1750 

3250 

ISU 

UL 

UL 

1440 

960 

2400 

1800 

1800 

PFRB 

UL 

UL 

1750 

1250 

1250 

1250 

1250 

Theory 

UL 

UL 

1730 

1180 

2820 

2140 

2140 

11TR1 

in. 

UL 

* 

* 

* 

ISO 

UL 

UL 

3250 

3000 

2000 

tsu 

UL 

UL 

2160 

2160 

4320 

PFR8 

UL 

UL 

2000 

2000 

1750 

Theory 

S 

UL 

UL 

2410 

2410 

4780 

llTRl 

UL 

900 

2590 

2590 

* 

tso 

UL 

4500 

4000 

2500 

2000 

ISO 

UL 

3600 

2880 

2880 

3840 

ffrb 

UL 

2500 

2250 

2250 

2000 

Theory 

UL 

4170 

3360 

3360 

4440 

* 

* 

3500 

2750 

2160 

4329 

2000 

17  50 

2410 

4  780 

2590 

* 

4000 

3250 

2880 

3840 

2250 

2000 

3360 

4440 

• 

* 

3500 

2500 

1260 

1680 

1750 

1250 

1420 

1880 

2730 

2050 

2500 

2000 

1080 

7  20 

1000 

1000 

1320 

900 

*  Specified  limit  exceeded 


Chase  ranges  ate  examined  to  investigate  the  key  par  erne ter(s)  affecting  tiro  flow 
requirements . 

5.4.1  Firo  Flow  Calculation  Techniques 

Intuitively,  one  would  expect  that  the  calculation  technique  may  effect  the 
resulting  requirement.  Whereas,  the  techniques  should  at  least  agree  on  the 
order  of  magnitude  of  the  fire  flow,  because  of  the  differing  methodologies  and 
intricacies  of  the  techniques  they  cannot  be  expected  to  yield  identical  results. 

Generally,  Che  techniques  do  produce  similar  results  and  in  all  cases  do  not 
differ  by  more  than  a  factor  of  five.  However,  in  relation  to  a  water  distribu¬ 
tion  system,  1,000  g.p.m.  is  significantly  less  than  5,000  g.p.m.,  thus  variation 
only  by  a  factor  of  five  is  observed  to  be  quite  substantial. 

Thus,  the  calculation  technique  definitely  affects  the  resulting  requirement. 
Upon  a  preliminary  examination  of  Tables  5.11-5.14,  one  method  does  not  always 
appear  to  produce  the  highest  or  lowest  fire  flow  requirement.  However,  upon  per¬ 
forming  a  more  in-depth  analysis,  the  following  observation  is  made:  49  percent 
of  the  maximum  fire  flow  requirements  for  a  particular  occupancy  and  construction 
type  are  derived  from  the  1XTRX  technique,  35  percent  from  XSO  and  13  percent 
from  the  Theory.  The  lowest  requirements  are  distributed  as  follows:  48  percent 
by  ISU,  32  percent  by  PFRB  and  14  percent  by  XSO. 

The  techniques  by  IXTRX,  XSU  and  the  Theory  all  utilize  .he  total  floor  area 
of  the  building,  implicitly  assuming  it  is  completely  involved  in  fire.  This 
assumption  would  appear  to  continually  yield  high  requirements,  which  is  the  case 
for  XITRI,  however,  the  large  frequency  of  low  requirements  by  ISU  is  not  expected. 

5.4.2  Construction  Type 


Type  of  construction  intuitively  would  be  expected  to  affect  fire  flow  require¬ 
ments,  e.g.  more  water  is  used  on  fully-involved  wood  frame  than  fire  resistive 


buildings  of  the  same  occupancy  class  since  the  structural  members  are  combustible 


.... _ i . 


and  wood  frame  buildings  generally  are  not  veil  compartmented  with  fire  resit- 
tance  rated  partitions.  However,  the  building  codes  limit  the  else  of  buildings 
according  to  the  construction  type,  thereby  possibly  counteracting  the  affecc  of 
construction  type  on  fire  flow  requirements. 

Examination  of  the  tables  indicates  that  fire  flow  requirements  appear  to 
be  affected  by  the  type  of  construction  for  a  particular  occupancy  -  however  in 
the  opposite  manner  than  expected.  For  a  particular  occupancy  and  for  a  particu¬ 
lar  calculation  technique,  fire  flow  requirements  have  a  decreasing  trend,  pro¬ 
ceeding  from  left  to  right  in  the  tables,  i.e.  from  fire-resistive  to  wood  frame 
construction. 

5.4.3  Building  Code 

Selection  of  apparticular  model  building  code  instead  of  the  others  may  also 
be  expected  to  affect  fire  flow  requirements.  Table  5.15  presents  the  range  of 
fire  flows  determined  by  a  particular  technique  for  all  permitted  construction 
type  of  each  selected  occupancy  class. 

Since  the  upper  portion  of  tho  range  is  unlimited  in  most  cases  (due  to  un¬ 
limited  areas  permitted  for  some  construction  types),  this  analysis  can  concen¬ 
trate  only  on  the  lower  part  of  the  range,  i.e.  the  minimum  fire  flow  require¬ 
ments  for  the  occupancy  by  a  particular  technique  for  a  given  model  code.  The 
highest  minima  were  derived  from  height  and  area  limits  proposed  by  ICBO  in 
40  percent  of  the  cases,  SBCC  in  32  percent  of  the  cases.  Lowest  minima  were 
derived  from  the  limits  proposed  by  BOCA  and  A1A  in  33  percent  of  the  cases  (each) 
and  in  24  percent  of  the  cases  by  ICBO. 

This  indicates  that  the  building  codes  may  affect  fire  flow  requirement 
ranges,  however  one  code  is  not  clearly  dominant  in  allowing  larger  buildings 
thereby  having  consistently  higher  fire  flow  requirements  or  conversely  in  being 
overly  restrictive  to  have  only  lesser  fire  flow  requirements. 
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T«bl«  5.15  Rang*  of  Fir*  Flows:  Cod*  vs.  Fir*  Flow  Calculation  Technique 


Hospital 

BOCA 

A2A 

SBCC 

ICBO 

ITTRI 

2450-UL 

3350-UL 

2590-UL 

1440-UL 

ISO 

750-UL 

1 500-UL 

1 500-UL 

750-UL 

ISU 

860-UL 

2160-UL 

2520-UL 

470- UL 

PFRB 

1000-UL 

1500- UL 

1750-UL 

750-UL 

Theory 

980- UL 

2410-UL 

2810-UL 

540-UL 

High-Rise  Office 

IITRI 

2220-UL 

3170-UL 

UL 

900-UL 

ISO 

4 500-UL 

2250-UL 

UL 

2520-UL 

ISU 

3078-UL 

1440-UL 

UL 

3600-UL 

PFRB 

2250-UL 

1750-UL 

UL 

1250-UL 

Theory 

3420- UL 

1620-UL 

UL 

4170- UL 

Furniture  Warehouse 

IITRI 

1530-UL 

2530-UL 

900-UL 

900-UL 

ISO 

1 750-UL 

1750-UL 

2000-UL 

2000- UI. 

ISU 

500-UL 

960-UL 

720-UL 

1260-UL 

PFRB 

750-UL 

1250-UL 

1000-UL 

1250-UL 

Theory 

650-UL 

1180-UL 

900-UL 

1520-UL 

Mattress  Factory 

IITRI 

1720-3390 

2050-UL 

900-UL 

1410-UL 

ISO 

750-2000 

1250-UL 

1750-UL 

1250-UL 

ISU 

580-2020 

720-UL 

1200-UL 

450-UL 

PFRB 

750-2500 

1250-UL 

1250-UL 

750-UL 

Theory 

730-2390 

900-UL 

1460-UL 

590-UL 

Department  Store 

IITRI 

1720-UL 

2590-UL 

2730-3370 

900-UL 

ISO 

2000-UL 

2000-UL 

2000-4750 

2000-UL 

ISU 

580- UL 

960-UL 

1440-2160 

1260-UL 

PFRB 

750-UL 

750-UL 

1250-2000 

1250-UL 

Theory 

730-UL 

1180-UL 

1320-2550 

1520-UL 

Library 

IITRI 

1530-UL 

2590-UL 

2530-i'L 

1630- UL 

ISO 

1 750-UL 

2000-UL 

1250-UL 

1250-UL 

ISU 

500-UL 

960-UL 

960-UL 

540-UL 

PFRB 

750-UL 

750-UL 

1000-UL 

750-UL 

Theory 

650-UL 

1180-UL 

1180-UL 

690-UL 

Detached  Single  Family  Dwelling 

IITRI 

* 

* 

* 

UL 

ISO 

2250-UL 

1 500-UL 

2000-UL 

UL 

ISU 

980-UL 

960-UL 

1260-UL 

UL 

PFRB 

750-UL 

750-UL 

1250-UL 

UL 

Theory 

1110-UL 

1090-UL 

1420-UL 

UL 

Attached  Single  Family  Dwelling 

IITRI 

* 

* 

* 

UL 

ISO 

2750-UL 

2000-UL 

2 500-UL 

UL 

ISU 

980- UI. 

960-UL 

1260-UL 

UL 

PFRB 

750-UL 

7  50-tIL 

1250-UL 

UL 

Theory 

1110- UL 

1090-UL 

1420-UL 

UL 

70 
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Garden  Apartment 

80CA 

AIA 

SBCC 

ICBO 

IITRI 

a 

a 

a 

430-* 

ISO 

2250-UL 

1500-UL 

2000-UL 

1250-UL 

ISU 

980-UL 

960-UL 

1260-UL 

950-UL 

PFRB 

750-UL 

750-UL 

1250-UL 

750-UL 

Theory 

1110-UL 

1090- UL 

1420-UL 

1170-UL 

Rolled  Paper  Warehouse 

IITRI 

1530-UL 

2530- UL 

900-UL 

900-UL 

ISO 

1750-UL 

1750-UL 

2000-UL 

2000-UL 

ISU 

500-UL 

960-UL 

720-UL 

1260-UL 

PFRB 

750-UL 

1250-UL 

1000-UL 

1250-UL 

Theory 

650-UL 

1180-UL 

900-UL 

1520-UL 

High  Density  Residential 

IITRI 

a 

a 

a 

UL 

ISO 

2250-UL 

2000-UL 

2 500-UL 

UL 

ISU 

980-UL 

960-UL 

1260-UL 

UL 

PFRB 

750-UL 

750-UL 

1250-UL 

UL 

Theory 

1110-UL 

1090-UL 

1420-UL 

UL 

Medium  Density  Residential 

IITRI 

a 

a 

a 

UL 

ISO 

2000-UL 

1750-UL 

2250-UL 

UL 

ISU 

980-UL 

960-UL 

1260-UL 

UL 

PFRB 

750-UL 

750-UL 

1250-UL 

IT. 

Theory 

1110-UL 

1090-UL 

1420-UL 

UL 

Low  Density  Residential 

IITRI 

a 

a 

a 

UL 

ISO 

2250-UL 

1500- UL 

2000-UL 

UL 

ISU 

980-UL 

960-UL 

1260-UL 

UL 

PFRB 

750-UL 

750-UL 

1250-UL 

UL 

Theory 

1110-UL 

1090-UL 

1420-UL 

UL 

Detached  Commercial 

IITRI 

1720-UL 

2590-UL 

2730-3370 

900-UL 

ISO 

2250-UL 

2250-UL 

2250-6000 

2250-U7. 

ISU 

580-UL 

960-UL 

1440-2160 

1260-UL 

PFRB 

750-UL 

750-UL 

1250-2000 

1250-UL 

Theory 

730-UL 

1180-UL 

1320-2550 

1520-UL 

Industrial  Park 
IITRI 

f  iso 

‘  ISU 
j  PFRB 
f  Theory 


1720-UL 

2590-UL 

900-UL 

2250-UL 

2250-UL 

2000-UL 

580-UL 

2000-UL 

1200-UL 

750-UL 

960-UL 

1250-UL 

730-UL 

750-UL 

1460-UL 

L 

900-UL 
2250 'UL 
1260- UL 
1250-UL 
1520- UL 
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In  Table  3.16,  the  rang*  of  firs  flow*  a*  required  by  Cha  fiva  techniques 
ara  presented  by  aach  occupancy  class,  type  of  construction  and  tha  four  modul 
codas.  Examination  of  Tabla  5.16  raaults  in  tha  following  observations ,  noted 
below. 

1.  Tha  AIA  coda  has  the  most  "NP"  entrees,  thereby  prohibiting,  rather 
than  simply  limiting  certain  occupancy  clao*  and  construction  type 
combiner ions . 

2.  The  minima  and  maxima  for  each  rrnge  of  flows  appear  to  be  greatest 
for  those,  acsociated  with  the  SBCC  code  for  a  particular  occupancy  and 
construction  type.  The  lowest  minimi  and  maxima  appear  to  involve 
application  of  the  AIA  code. 

Thus,  in  the  two  separate  analysis  from  Tables  5.15  and  5.16  involving  the 
building  codes,  the  SBCC  code  allows  buildings  to  be  constructed  with  associated 
higher  fire  flow  requirements,  compared  to  the  other  model  codes.  Conversely,  the 
AIA  code  regulates  the  construction  of  buildings  to  yield  lower  fire  flow  require¬ 
ments  . 

5.5  Cone lus Iona 

Fire  flow  requirements  derived  for  largest  permissible  structures  according 
to  the  four  model  building  codes  are  affected  by  several  variables,  including 
occupancy,  regulating  building  code,  calculation  technique  and  construction  type. 
Because  of  the  limitations  in  area  of  buildings  of  construction  types  permitting 
use  of  combustible  structural  elements,  fire  flow  requirements  do  not  appear  to 
be  strongly  dependent  on  the  construction  type.  The  more  hazardous  occupancies 
have  some  of  the  higher  required  fire  flows,  however  more  stringent  building 
code  requirements  for  more  hazardous  occupancies  again  appears  to  lessen  the 
affect  of  this  variable. 

The  analysis  doss  indicate  fire  flow  requirements  to  be  strongly  dependent 

It, 


5.6  Water  for  Domestic  Requirements 


Community  water  requirements  are  based  upon  two  demands:  1)  consumer 
consumption  and,  2)  water  supply  for  fire  protection.  The  primary  focus 
of  this  study  is  adequate  water  supply  for  fire  protection.  However,  the 
literature  on  water  supply  requirements  is  almost  silent  on  the  interre¬ 
lationship  of  water  supply  requirements  for  both  demand  functions.  Con¬ 
sequently  an  important  question  can  be  raised:  For  any  given  building  or 
building  complex  how  does  the  water  demand  requirement  for  domestic  con¬ 
sumption  relate  to  fire  flow  demand?  In  other  words  if  fire  flow  demand 
is  met  will  consumer  consumption  requirements  be  met;  or  vice  versa.  The 
answer  to  this  concern  could  have  important  implications  for  the  design 
of  municipal  water  system  and  building  code  criteria. 

The  above  question  may  be  addressed  by  examining  the  criteria  for 
domestic  or  consumer  consumption  requirements.  Ameen  draws  from  a  nunfcer 
of  literature  sources  including  the  American  Water  Works  Association,  Cast 
Iron  Pipe  Research  Association,  North  Carolina  Water  Association,  American 
Public  Health  Association  and  the  notes  from  several  distinguished  pro¬ 
fessors  in  Civil  Engineering  in  establishing  basic  criteria  and  guidelines 
for  estimating  water  supply  requirements  (45).  The  basic  concepts  estab¬ 
lished  by  Ameen  follow. 

The  consumer  water  requirements  for  a  community  water  system  are  the 
total  of  the  combined  water  requirements  for  domestic  population,  commer¬ 
cial  and  industrial,  and  institutional  usage.  Industrial  process  water 
requirements  require  special  analysis.  Process  requirements  should  be 
established  from  case  studies  at  a  particular  facility  or  from  charted 
demand  requirements  at  a  similar  facility.  It  should  be  noted  that  in 
many  cases,  industrial  requirements  for  processing  will  exceed  the  total 
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requiremant  of  the  entire  community. 

In  determining  domestic  requirement* ,  the  beei*  for  calculation*  may 
beat  be  obtained  from  an  aatimata  of  population.  Rather  than  try  to  obtain 
an  actual  count  of  population  to  be  aerved,  it  ia  much  more  convenient  to 
eatimate  the  population  on  the  baaia  of  ptr  dwelling  unit  from  established 
criteria  of  population  trend*.  Total  Estimated  Population  •  Population 
Density  (aee  Table  5.17)  X  Area  Developed  or  To  be  Developed.  Am  alterna¬ 
tive  method  ia  to  eatimate  the  number  of  dwellings  per  area  from  average 
lot  sire  (aee  Table  5.18).  A  third  element  is  needed  to  refine  the  esti¬ 
mates.  Domestic  population  can  be  determined  from  examining  the  type  of 
dwelling  and  the  estimated  number  of  persons  per  dwelling  type.  Table  5.19 
provides  the  basic  information  for  this  type  of  estimation.  The  figures 
in  the  indicated  Tables  are  based  upon  average  values  obtained  from  a 
community  study  fur  various  types  of  dwellings. 

In  determining  domestic  water  usage,  two  alternative  considerations 
need  to  be  evaluated.  First  the  daily  usage  must  be  based  upon  the  maxi¬ 
mum  day  of  the  week  so  that  thia  quantity  of  water  will  be  available  for  the 
community  at  all  times.  The  maximum  quantify  of  water  necessary  to  furnish 
the  need  of  the  community  will  depend  upon  whether  or  not  the  system  is 
metered.  A  system  which  is  not  metered  will  have  a  demand  for  water  as 
great  as  300  par  cent  of  that  community  which  ia  metered.  For  calculation 
purposes,  the  following  values  are  accepted  in  current  practice  (1979)  for 
water  consumption  for  domestic  populations. 

Metered  Services .  140  gallons  daily 

consumption  per  person 

Unmetered  Service* .  210  gallons  daily 

consumption  per  peraon 


S  '  :£tt£SHS 


TABLE  5,17  Population  Densities  from  Average  Lot  Area  (45,  p,  7) 


TABLE  5.18 


A«4t*|#  Af#«  <*♦  l«t  Ittinultd  ,  IttbMMS 

Within  0«v#l#pm#nt  l*#p  wUilon  *»#nUtl#n 

In  Sqntr#  F.n  fw  Attn  h*r  Itmti  MU* 


10,000 
15,000 
JO  000 
25  000 

3v'  ■•'00 
40, 

50  000 
fr'i.000 
JO, ,’00 
00  000 


Estimated  Number  of  Dwellings  Per  Area  from  Average  Lot  Sl*e  (45,  p.  8) 


Av#r#g#  lat  Ar#a 
in  r##t 

litlm»t*4  Nvmb#t  of 
Dwelling,  fnt  Act# 

IlHtnntwl  Nwmbar 
•f  Dwelling# 

0#c  i#unrn  Mil# 

10,000 

1.54 

1,040 

15.000 

(.05 

472 

20,000 

.70 

504 

25,000 

.43 

403 

30,000 

.52 

336 

40,000 

.32 

204 

50.000 

,2V 

184 

50,000 

.24 

167 

70,000 

.22 

144 

00,000 

.14 

121 

TABLE  5.19  Estimating  Domestic  Populations  (45 >  p,  9) 


(itimttMl  hnrtniH 

Tjyn  #1  DwnjMny  __ _ _  _  r#r  Onmllinf 

Flrtt  Cltil  .  .4 

Multi-Dwelling 

On#  iwifooni  Unit  . .  .  .  2 

Two  htdroom  Unit  3 

Thr»#  S#droom  Unit  .  .  ..  .5 

Mobil#  Hotn«  .  JVh 


6.25 

4,160 

4  2 

2,680 

3.15 

2.014 

2  52 

1,612 

2  SO 

1.344 

1  28 

,1)9 

1.16 

74 1 

1 .05 

472 

C  90 

r.»6 

0.79 

514 

78 
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Water  supply  requirements  for  institutions  may  also  be  determined  on 
the  population  basis  as  above.  Such  water  consumption  figures  should  be 
based  upon  the  future  enrollment  of  the  school  or  institution,  and  upon 
future  plans  concerning  changes  in  status  of  the  type  of  the  institution. 
Table  5.20  suggests  criteria  on  the  per  student  or  person  basis  and  relates 
the  type  of  institution  to  be  served  with  this  per  person  water  usage. 

Commercial  and  industrial  water  usage  must  be  calculated  on  some  other 
basis  rather  than  either  the  patronage  or  per  person  usage  because  it  is 
impossible  to  predict  with  any  degree  of  accuracy  the  potential  success  of 
the  establishment.  Therefore,  Table  5.21  has  been  developed  to  not  only 
set  forth  criteria  for  water  consumption,  but  also  to  simplify  the  basic 
method  of  calculating  such  requirements. 

Upon  the  basis  of  water  usage  as  given  in  Table  5.21,  the  total  daily 
water  consumption  can  be  calculated. 

The  total  water  requirement  for  a  comnunity  would  be  the  total  as 
calculated,  combining  information  from  Tables  5.19  through  5.22.  The 
same  set  of  referenced  Tables  can  be  used  to  calculate  the  requirements 
for  a  specific  building  or  building  complex;  alternative  calculations  might 
focus  on  a  block  or  defined  segment  of  a  community.  Therefore,  the  actual 
water  demand  for  consumer  consumption  could  be  compared  and  contrasted 
to  the  amount  of  water  required  for  fire  protection. 
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TABLE  5.20  Institutional  Water  Consumption  (45,  p.  10) 


_  ....  OilhmPw 

_ !*»_*!»**«<•« _ _ Peroen  Dey 

^••'ding  School*,  Elementary  _ _ _ _ _  7j 

•otrdtoa  School*,  Senior  . . "  . . 

CM«t _ _ _ _ _ .  j 

Club*,  Cottony _ _ * . 

Club*,  Civic . .ZZ”!”"’" .  * 

Collate,  Day  Student* . . "”"1""!”" .  SS 

Collage,  Junior . I_”_ .  100 

College,  Senlo r _ _ _ . )00 

Elementary  School* . . .  * . 

. . . II”"””"  400 

Junior  and  High  School* . .  2S 

Nuriing  Home* _ _ __I.I” .  tjO 

Triton*  _ IIIIIIII  60 

Booming  Novae* _ IIIIIIII”” . *  100 

Summer  Camp* _ _ _ _ IIIIIIIIII” . .  60 


TABLE  5.21  Commercial  and  Industrial  Water  Consumption  Requirements  (45,  p.  11) 


Type  of  letahjhhmont 


Berber  Shop 
Beauty  Shop 
Oentlit  Office 
Department  Store* 

Drug  Store 

With  Fountain  Service 
Serving  Meal* 
Induttrial  Plant** 
Laundry 
launderette 
Meet  Market 
Motel  or  Hotel 
Office  Building* 

Phyalclani  Office 
Betteurent 
Single  Service 
Oriva-ln 
Service  Station 
rheatre 
Drive-In 

Other  Eatebllthmentt*** 


Ittlmated  Water  U*age  and  Bail*  *1  CaUuUtlp* 


100  gallon*  per  day  per  chair 
I JS  gallon*  per  day  per  chair 
^ SO  gallant  per  day  per  chair 
40  gallon*  per  day  per  employee 
S00  gallon*  par  day 

Add  1,200  to  1,500  gallon*  per  day 
Add  50  gallon*  per  day  per  teat 
30  gallon*  per  day  per  employee 
3,000-5,000-20,000  gallon*  per  day 
1 1 ,000  gallon*  per  day  per  unit 

3  gallon*  per  day  per  100  iq.  ft.  floor  era* 

1 33  gallon*  per  day  per  room 
12  gallon*  per  day  per  100  *q.  ft,  floor  area  or 
25  gallon*  per  employee 
200  gallon*  per  day  per  examining  room 
30-50- 1 20  gallon*  per  day  per  teat 
500-1,500-2,500  gallon*  per  day 
20  gallon*  per  day  per  car  ipece 
600-1,000-1,500  gallon*  per  dey  per  waih  rack 
3  gallon*  per  day  per  itet 
3  gallon*  per  dey  per  car  tpace 
500  gallon*  per  day 


* Inclu  line  nrnomtr  itrvlct.  . 

‘  ‘Not  including  promt*  water, 

‘  ^r^tt,500  <*»  *  «■.«**  .h» . 


TABLE  5.22  Domestic  Water  Consumption  (45,  p.  9) 


Type  ef  ly*tem 


All  Metered  Service* 
Unmetered  Service* 


Dally  Centumptie* 
Bar  Ferae* 


70-100125  Gallon* 
1 00- 1 50-250  Gallon* 


,v*  “*  t*  *J*  “**«♦  Iff  domrwic  populuiom  it  100  gallooi  per 
VjShrSTlSPj  mS?*  ,hM  ,h*  combined  amaf*  w*irr  ua**r  lor  *  community  will 

>iKrm"(n.<>?*lS.  Ir*iVt  0,'fi **'  **ruF  P*r  Menir,  lor  dnipn  ut  •  community  water 
hr  ^apt  per  tenon  ***  **  00’  ***  J**'  “  ,h*  ’ua*"** d  value  tinea  it  it  a  manmum  per 
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TABLE  5.23  Instantanaoua  Water  Demand*  for  Residential  Areas  <45,  P-  50) 


Iwtl  Nmufcf 
SImMmim 

own 

s*» 

IhSmm 

ImINwAm 
•f  RmMom* 

IwyW 

OfM 

r* 

3 

. ».o 

90  . 

...  2  1 

10 

_ JO 

100 ....  . 

..  2.0 

4.3 

ISO . . 

...  1.6 

ao - 

40 

_  31 

_ _  3,4 

200  . 

JQ0  ..  .  - 

.  1.1 
.1.2 

50  . 

. a.o 

400  . 

. . .  09 

60 

. 27 

500  ...  .  - 

.  o.» 

70 

. 2.5 

750  . 

.  07 

ao . 

. 2.2 

1,000  . 

. . .  0.4 

TABLE  5.24  Instantaneous  Water  Demands  for  Commercial  Areas  (45,  p.  51) 


Typ*  S  ItUbUthtnMl 

E«tb*r  Shop 

15  gpm  per  cheir 

Btauty  Sliop 

1 .5  gpn-i  per  cheir 

Dentist  Office 

J  O  gpm  per  cheir 

Department  Store* 

0  5- 1 .0*  1 .5  gpm  per  employee 

Drug  Stott 

3  0  gpm 

With  fount*, a  Service 

edd  3  0  gpm 

So  ving  Meals 

edd  1  0  gpm  per  seat 

Industrila  Plant** 

O  S  gpm  per  employee 

laundry 

20  0  40,0-40.0  gpm 

Is  under#  Me 

5  0  gpm  per  unit 

Met*  Ma<ket,  Super  Markaf 

)  .0  gpm  per  100  square  #eti 
floor  arte 

Motel,  hotel 

2.0  gpm  per  unit 

Offkt  Building* 

0.2  gpm  p*r  1 00  , qua.  #  f,et 
floor  >r*« 

Phyikion',  Offico 

2  0  gpm  per  examining  room 

Restaurant 

1  0  gpm  per  «eet 

Singl*  Sorvko 

3  060-10  0  gpm 

Dtivfln 

0  5*1 .0-3.0  gpm  per  car  space 

Strvlco  Sxl.ofl 

3.0*5.0«8.0  gpm  per  woih  rack 

Theatre 

0.3-1. 0-2.0  gpm  ptr  ml 

0>iv*-ln 

0.4  gpm  p*r  c*r  ,p,c  * 

Other  Establishments*** 

0.3  1.0-3  0  gpm  per  employee 

Mfuiuthn*  aiuomer  service. 

1  *N«  imludtnf  proms  ««». 

*  •  'Non  aim  utirvc  wtabluhmems. 

TABLE  5.25  Instantaneous  V/ater  Demands  for  Institutions  (45,  p.  52) 


Type  ef  Institutlen 

•asls  ef  tie*'  Demand 

Boerdmg  School!, 

Colleges 

1  0  gpm  per  student 

Churches 

0  2  gpm  per  member 

Clubs,  Civic 

0.4  gpm  per  member 

Clubs,  Country 

0  6  gpm  per  member 

Hospitals 

4  0  gpm  per  bed 

Nursing  Homes 

2  0  gpm  per  bed 

Prisons 

1  0  gpm  per  prisoner 

Rooming  Houses 

1 .0  gpm  per  roomer 

Summer  Camps 

0  2  gpm  per  camper 

ICHOOit  OAY.  IIIMINTARV,  JUNIO*.  MNIO« 

Newbtr  tl  Ih^tnH  Nr  ItwdMt  Wwibir  ef  Mww  OEM  Eer  IMwt 


aso 

10 

aoo 

ou 

100 

0.97 

900 

044 

700 

.  094 

1,000 

040 

300 

0  90 

1.200 

0  52 

400 

064 

1.400 

0  46 

500 

092 

1.400 

041 

M0 

.  0.71 

1.(00 

OM 

>00 

072 

2.000 

o  as 

Water  demand  rates  are  translated  into  both  water  system  delivery 
rates  and  water  storage  capacity.  In  other  words,  a  certain  amount  of 
water  muat  be  stored  to  meet  both  the  rate  of  flow  delivery  and  the  dura¬ 
tion  of  flow  delivery.  The  delivery  system  (pipe  network)  must  have  the 
capability  of  providing  the  "demand  requirement"  to  the  proper  distribu¬ 
tion  point.  The  determine  these  interface  requirements,  a  second  domestic 
consumption  factor  is  taken  into  account.  Water  demand  varies  according 
to  time  of  day.  Typically,  water  demand  for  consumer  consumption  peaks 
at  two  demand  periods:  8  a.tn.  and  8  p.m.  (45,  p.  1). 

The  maximum  instantaneous  flow  for  a  community  occurs  during  one  or 
both  of  the  peak  periods.  The  occurxence  of  instantaneous  flows  so  greatly 
exceeds  the  average  flows  and  requirements  of  the  consnunity  that  it  is 
necessary  to  calculate  these  maximum  or  instantaneous  flows  within  a  com¬ 
munity  water  system  in  order  that  storage  and  pumping  facilities  may  be 
properly  designated.  Tables  5.23,  5.24  and  5.25  provide  information  and 
data  by  which  these  calculations  may  be  made.  These  tables  set  forth 
criteria  for  instantaneous  flow  demands  for  residential,  commercial,  and 
institutional  areau. 

The  flow  demand  of  institutions  must  be  considered  in  the  light  of 
the  time  for  which  the  institution  is  used  per  day.  For  example  day  schools 
are  operated  for  a  period  of  six  to  eight  hours  per  day  while  other  insti¬ 
tutions  such  as  colleges  and  hospitals  are  operated  for  24  hours.  The  flow 
demand  with  this  consideration  is  given  in  Table  5.23. 

Apartment  buildings  are  to  be  evaluated  as  individual  residential 
units  within  Table  5.25  and  each  apartment  unit  is  thereby  counted  as  a 
separate  residence. 

By  considering  the  breakdown  of  the  individual  type  of  users  in 


accordance  with  the  above  tables,  it  ia  possible  to  determine  the  individual 
instantaneous  flows  and  the  total  instantaneous  flows  required  for  a  water 
system.  This  total  instantaneous  flow  is  the  demand  upon  storage  facilities 
which  may  be  expected  to  occur  instantaneously  during  a  24  hour  period.  The 
total  average  dally  demand  for  water  may  be  obtained  from  Table  5.19  through 
5.22. 

An  example  of  determining  total  flow  which  would  occur  instantaneously 
within  a  community  would  be  in  the  case  of  a  water  system  which  is  to  serve 
a  community  of  80  residences  and  a  commercial  center  comprised  of  a  ready-to- 
wear  shop,  a  drug  store  which  has  fountain  service,  a  television  repair  shop 
and  a  super  market  of  3,000  square  feet  of  floor  area.  The  breakdown  of 
individual  flows  and  the  total  instantaneous  flow  for  this  community,  would 


be  as  follows: 

80  Residences  at  2.2  gpm  per  residence  (Table  5.25) .  176  gpm 

1  Ready-to-wear  shop  at  1.0  gpm  (Table  5.24) . 1  gpm 

1  Drug  store  (3.0  gpm)  with  fountain  service  (3.0  gpm) 

(Table  5.24) . 6  gpm 

1  Television  repair  shop  at  1.0  gpm  (Table  5.24) .  1  gpm 

1  Super  Market  at  1.0  gpm/100  sq.  ft.  x  3,000  sq.  ft .  30  gpm 

Total  Instantaneous  Flow.. . 214  gpm 


Section  VI  of  this  study  considers  the  water  requirements  for  a  selected 
group  of  representative  occupancies  for  both  fire  protection  purposes  and 
consumer  consumptions.  Some  relevant  observations  on  the  interrelationship 
of  these  two  demands  are  made  in  the  referenced  section. 
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6.  WATER  SUPPLY  REQUIREMENTS  FOR  CASE  STUDY  OCCUPANCIES  AND  COMPLEXES 

Sixteen  occupancies  and  building  complexes  have  been  described  in  the  pre¬ 
vious  section  relative  to  applicable  building  code  requirements.  In  this  section, 
a  hypothetical  building  of  each  type  is  examined  with  respect  to  their  water  sup¬ 
ply  requirements  for  domestic  use  and  fire  protection. 

6. 1  The  Selected  Buildings 

A  basic  floor  plan  of  each  of  the  sixteen  buildings  and  complexes  along  with 
a  general  description  for  each  is  presented  in  figures  6.1  through  6.16.  The 
descriptions  are  included  to  provide  details  on  the  proposed  type  of  construction, 
protection  features,  etc.,  so  that  the  water  supply  analysis  can  be  performed. 

Any  similarity  of  Che  selected  buildings  to  actual  buildings  is  coincidence,  as 
the  descriptions  were  developed  from  the  experience  of  the  research  team  with 
generic  examples  of  the  particular  building  or  complex. 

6.2  Fire  Flow  Requirements 

The  previously  discussed  five  techniques  for  calculating  fire  flow  are  applied 
in  this  section  to  determine  the  water  supply  needed  for  fire  protection  purposes 
for  the  selected  occupancies  and  complexes.  The  fire  flow  requirements  are 
noted  in  Table  6.1 . 

The  required  fire  flows  vary  significantly  for  a  particular  case.  The  tech¬ 
niques  considering  the  total  area  to  be  involved  in  fire  are  those  identified  as 
ISU  and  Theory.  Each  of  these  two  techniques  yield  fire  flow  requirements  ex¬ 
ceeding  10,000  gpm  for  four  of  the  selected  cases,  while  other  techniques  for 
these  same  four  cases  are  substantially  less.  In  those  four  instances  with  ex¬ 
tremely  high  fire  flows,  the  other  method  considering  the  area  to  be  completely 
involved  in  fire  could  not  be  applied  as  the  floor  area  of  the  building  exceeds 
the  maximum  permissible  area  by  the  technique. 
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Figure  6.2  High  Rise  Office 


( 

100* 


Construction:  Fire  Resistive 

Height:  10  stories,  120  ft. 
Are*:  125,000  sq.  ft.  per  floor 
Protection:  None 


Construction:  Fir*  Resistive 
Haight:  i  story,  20  ft. 

Ares:  89,600  sq.  ft. 
Protaction:  Automatic  Sprlnk 
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Figure  6.4  MetCreae  Factory 


Construction:  Protected  Non-Combustible 

Height:  3  stories,  45  ft. 

Area:  30,000  sq.  ft.  per  floor 
Protection:  None 


Construction:  Fire  Resistive 

Height:  A  stories,  50  ft. 

Area:  28,196  sq.  ft.  per  floor 
Protection:  None 


Figure  6.10  Rolled  Paper 
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Figure  6.11  High  Density  Residential  Complex 

\S=4& - tj 


351 


4  O' 


L 


35' 


T 


110' 


9  f 


H7  r 


Seal*  t”«  30' 


Construction:  Ordinary 
Height:  3  stories,  35  ft. 

Ares:  4,400  sq.  ft.  per  floor* 
Protection:  None 
Exposure:  0  ft. 


*1,400  sq.  ft.  per  fire  sres 
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Figure  6.12  Medium  Density  Residential  Complex 


50' 


Scalr  l" 


Construction:  Wood  Frame 
Height:  2  stories,  25  ft. 
Area:  2,980  sq.  ft. 
Protection:  None 

Exposure:  50  ft. 


•T.nnT.f-'nrn-'i- 


- ^ 

32' 
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Table  6.1  Fire  Flow  Raquiramanta  for  Cha  Salactad  Occupancies  and  Complexes. 


Buildings 

IITRI 

ISO 

ISU 

PFRB 

Theory 

Hospital 

1750 

1500 

590 

1000 

680 

High  Rise  Office 

3220 

1500 

1500 

100Q 

1800 

Furniture  Warehouse 

* 

2750 

21500 

2250 

11200 

Mattress  Factory 

900 

4250 

3600 

2250 

4170 

Department  Store 

Sr 

2000 

12190 

2750 

11000 

Library 

1510 

1750 

3383 

1250 

3930 

Detached  Single  Family  Dwelling 

690 

1000 

360 

750 

420 

Townhouse 

530 

750 

260 

750 

210 

Garden  Apartment 

520 

1750 

170 

750 

200 

Rolled  Paper  Warehouse 

* 

6000 

3780C 

4500 

15300 

Complexes 

Hi-Density  Residential' 

520 

2000 

170 

750 

200 

Medium-Density  Residential 

690 

1250 

360 

750 

420 

Low-Density  Residential 

660 

1250 

520 

750 

590 

Detached  Commercial 

* 

1500 

340 

750 

450 

Shopping  Center 

* 

2/50 

12060 

4000 

13560 

Industrial  Park 

* 

4000 

6000 

2250 

6850 

*Area  exceeds  maximum  permitted  for  application  of  technique. 
*Flre  flows  are  presented  in  units  of  gallons  per  minute. 
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Th«  ISO  technique  produces  either  the  highest  or  lowest  fire  flow  requirement 
for  11  of  the  16  selected  buildings  end  complexes.  Applicetion  of  the  ISU  tech¬ 
nique  results  in  10  highest  or  lowest  requirements  for  e  given  building  or  complex. 
The  ISU  technique  end  the  Theory  eppeer  to  heve  reletively  similer  results  for 
the  16  ceses. 
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6.3  Wit«  Supply  for  Domestic  Requirements 

It  has  bean  established  that  community  water  demand  le  a  function  of 
conaumar  requiramente  and  fira  protection  requirements .  Tha  pravioua 
■action  dapicta  tha  proj acted  vatar  demand  for  fire  protection.  Uaing  tha 
same  building  examples  this  section  applies  tha  instantaneous  flow  demand 
criteria  established  in  Section  V  for  consumer  demand.  This  information  is 
presented  in  Table  6.2  according  to  the  respective  building  codes. 

Analysis  of  Table  6.2  clearly  Indicates  that  the  consumer  consumption 
demand  is  relatively  small  when  compared  to  the  fire  flow  demand.  It  should 
be  further  noted  that  the  area  complex  example  sited  in  Section  V  only  indi¬ 
cated  an  Instantaneous  flow  demand  of  214  gallons  for  several  buildings. 
Based  upon  current  findings  it  appears  that  if  fire  flow  demand  is  mat  in  a 
designated  demand  area,  consumer  consumption  will  also  be  met. 
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Domestic  Water  Supply  Requirements  for  Case  Study  Occupancy  Classifications 
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VII.  CONCLUSIONS  AND  DIRECTIONS  FOR  FUTURE  WORK 

This  study  evaluates  the  water  supply  requirements  for  buildings  and 
structures  with  specific  reference  to  both  model  building  code  and  civil 
preparedness  criteria.  The  study  outlines  a  systematic  approach  to  thoroughly 
examine  water  discharge  rates  for  achieving  the  water  demand  requirements 
for  domestic  use  and  firo  protection. 

Conclusions 

In  section  II,  a  theoretically-based  method  is  suggested.  The  method 
is  outlined  in  steps  to  reduce  the  inherent  complexity  of  the  method. 

Existing  methods  utilized  to  calculate  fire  flow  requirements  are  re¬ 
viewed  in  section  III.  The  review  criteria  consisted  of  the  internal 
val  dity,  external  validity  and  utility  of  the  method.  From  this  review, 
the  four  most  appropriate  methods  are  selected  for  further  use  and  evaluation. 

In  section  IV,  the  water  distribution  and  sewer  systems  in  Warsaw, 

New  York  are  analyzed  relative  to  their  adequacy  under  crisis  relocation 
conditions  relative  to  domestic  use  and  fire  protection.  The  water  available 
for  fire  protection  is  determined  relative  to  various  domestic  demands  and 
observed  to  be  severely  Inadequate  at  peak  domestic  demands. 

The  interaction  of  model  building  code  criteria  on  water  supply  require¬ 
ments  for  domestic  and  fire  protection  usage  is  examined  in  section  V.  The 
four  model  building  codes  are  observed  to  influence  the  water  supply  require¬ 
ments  as  a  function  of  the  maximum  height  and  areas  of  buildings,  permitted 
by  the  codes.  Water  demand  requirements  for  fire  protection  are  compared  to 
those  for  domestic  requirements  and  observed  to  generally  be  significantly 
greater  than  the  domestic  needs. 

Sixteen  specific  case  occupancies  and  complexes  are  analyzed  in  section  VI 
relative  to  water  demand  requirements.  As  in  section  V,  fire  protection  water 
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requirements  are  indicated  as  belug  aigfilf leant ly  greater  than  domestic  vatar 
requirements . 

Directions  for  Future  R»aaarch 

This  report  addrassas  tha  issus  of  yatar  supply  requirements.  Tha  state- 
of-the-art  in  calculating  vatar  supply  requirements  is  obsarved  to  ba  lacking 
a  strong,  valid  thooratical  or  empirical  basis,  especially  relative  to  firs 
protection.  A  theoretical  approach  is  presented  as  a  result  of  this  defi¬ 
ciency. 

Tha  theoretical  approach  developed  in  section  II  and  utilised  in  the 
analyses  presented  in  sections  V  and  VI  requires  further  analysis  to  validate 
the  method.  Several  limitations  and  assumptions  are  noted  throughout 
section  II,  all  of  which  require  detailed  examination,  e.g.,  the  effectiveness 
of  tha  water  discharged  onto  a  fire  relative  to  impingement  on  the  fire  and 
conversion  to  steam. 

Calculation  techniques  for  evaluating  the  domestic  demand  also  appears 
to  be  deficient. 

The  water  supply  of  a  community  must  be  sufficient  to  meet  the  following 
four  demands:  domestic,  industrial,  commercial  and  public.  Several  factors 
ara  known  to  Influence  the  amount  of  water  used  in  non-emergency  situations 
such  as  climate,  affluence  of  the  community,  etc.  Several  factors  ara  also 
recognised  to  influence  the  amount  of  water  required  to  provide  an  adequate 
level  of  safety  in  emergency  conditions,  e.g.  fire  protection.  Surveys 
have  been  conducted  to  examine  the  amount  of  water  utilised  in  e  community 
in  non-emergency  and  emergency  situations.  Despite  this  available  information, 
the  state-of-the-art  in  designing  appropriate  water  supply  systems  for  a 
community  appears  to  lack  technical  sophistication. 

Currant  requirements  for  water  supply  which  lack  a  sound  technical  basis 
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can  indue#  under-  or  over-design.  Currently,  e  particular  design  for  a  water 
supply  system  can  only  be  evaluated  by  an  in-service  analysis  of  that  system. 
If  such  an  analysis  indicates  under-  or  over-design  in  the  system  after 
installation  of  the  system,  corrections  can  be  costly.  Thus,  the  state-of- 
the-art  in  demand  requirements  for  water  supply  can  lead  to  non-cost-eff active 
designs. 

In  section  IV,  this  report  notes  the  severe  inadequacy  of  water  for  fire 
protection  during  peak  demand  periods.  This  condition  should  be  examined  in 
more  communities  considered  to  be  potential  hose  communities  to  investigate 
whether  this  inadequacy  is  typical  or  atypical. 

From  tha  analyses  in  sections  IV,  V  and  VI,  the  fire  protection  require¬ 
ments  are  consistently  greater  through  the  domestic  consumption  requirements. 
The  following  question  should  be  addressed  concerning  the  adequacy  of  the 
water  demand  requirements  for  domestic  consumption  and  fire  protection: 

Is  there  sufficient  water  available  for  fire  protection  with: 

a)  domestic  use  excluded 

b)  average  domestic  use  considered 

c)  maximum  domestic  use  considered. 

Appropriate  strategies  should  then  be  proposed  eo  that  water  is  available 
for  the  community  needs.  Possible  strategies  may  include  a  public  education 
program  relative  to  the  problem,  requesting  ths  public  to  limit  or  curtail 
domestic  consumption  during  major  fire  incidents  or  the  establishment  of  a 
standard  operating  procedure  relative  to  fire  suppression  activities,  such 
that  water  is  not  "wasted"  on  structure  fires  which  result  in  the  destruction 
of  the  building  beyond  a  "salvageable"  point.  Other  strategies  may  consider 
the  provision  of  an  alternative  water  supply  source  to  supplement  the  existing 
system  in  the  community. 
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APPENDIX 

Reviews  of  the  Calculation  Techniques 
for  Fire  Flow 
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BALL  &  FIETRZAK 

Ball,  J.A.  and  Piatrzak,  L.M.,  "A  Computer  Simulation  to  Estimate*  Water  Application 
Effectiveness  In  Suppression  of  Compartment  Fires",  Presented  at  the  Fall 
Technical  Meeting  of  the  Eastern  Sect ion/ Combust ion  Institute,  November  18-19, 
1976. 

General  Discussion*  The  Fire  Demand  Model  developed  by  Ball  &  Pietrzak  considers  a 
pos t- f las hover ,  single  compartment  fire.  The  fire  character  is  assessed 
through  an  analysis  of  building  and  fuel  parameters.  The  success  or  failure 
of  a  specific  suppression  effort  is  tnen  predicted  by  an  analysis  of  the  fire 
character  versus  the  suppression  effort.  The  extinguishment  criteria  used  are: 

1)  the  heat  of  water  vaporization  must  be  greater  then  the  heat  generation  rate 
by  charring  combustion  and,  2)  the  temperature  of  the  gas  and  the  wall/ceillng 
in  the  compartment. 

The  computer  model  is  based  on  theoretical  analyses  of  the  characteristics  of 
fuel  or  ventilation  controlled  compartment  fires  and  the  extinguishment  charac¬ 
teristics  of  water.  The  model  performs  these  analyses  of  the  characteristics 
at  particular  time  intervals,  reiterating  until  the  fire  is  concluded  to  be 
extinguished. 

Internal  Validity;  Sources  for  the  theoretical  analysis  are  identified  and  appear 
tc  have  been  utilized  within  the  limitations  of  those  sources.  Assumptions, 
procedures  and  conclusions  all  appear  appropriate. 

External  Validity:  The  model  is  applicable  to  an  analysis  of  water  needed  for  ex¬ 
tinguishment  in  a  particular  compartment.  Proper  definition  and  selection  of 
a  compartment  could  allow  this  model  to  be  used  for  a  large  majority  of  applica¬ 
tions  .  Use  of  this  theoretical  model  produces  fire  flows  slightly  greater  than 
those  found  necessary  in  laboratory  experiments  by  Salzberg,  Vodvarka  and  Maatman, 
which  were  about  one-half  of  those  used  on  actual  fires.  Thus,  this  model  ap¬ 
pears  to  predict  fire  flows  within  the  difference  between  laboratory  and  actual 
fire  application. 

Utility:  A  computer  is  essential  for  utilization  of  this  model.  Further,  proper 
wafer  application  rates  must  be  determined  through  trial  and  error  if  this 
model  is  utilized,  i.e.  a  particular  water  application  rate  is  observed  to  be 
successful  or  unsuccessful  and  does  not  indicate  the  amount  of  excess  or  de¬ 
ficient  flow. 
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Bengtaon,  Staffer.,  "The  Effect  of  Different  Protection  Measures  with  Regard  to  Fire- 
damage  and  Personal  Safety".  Fou-Brand .  SFPA,  Sweden,  #1,  1978. 


General  Discussion;  The  equations  for  fire  flow  are  based  on  papers  by  Baldwin  and 

Thomas,  which  are  then  revised  for  "Swedish  conditions  and  expanded  for  different 
occupancy  hazards."  Baldwin  found  that  the  rate  of  water  (gpm)  needed  to  ex¬ 
tinguish  actual  fires  was  1.21  x  A0,664  where  A  is  the  fire  area.  The  coefficient 
1.21,  is  adjusted  to  account  for  different  tactics  used  by  Swedish  Fire  Brigades, 
requiring  less  water.  The  resulting  equations  are: 


occupancy  hazard 
low 

medium 

high 


fire  flow  (gpm) 
.06  A0*664 
.29  A0'664 
1.36  A0*664 


Internal  Validity;  The  base  equation  is  identified,  however,  justification  for  the 
adjustments  are  net  presented,  other  than  it  being  revised  for  "Swedish  con¬ 
ditions."  Previously,  there  was  no  distinction  for  hazard,  in  the  equation 
which  is  now  present  in  this  technique.  Except  for  the  lack  of  justification 
of  the  revised  constants,  all  other  assumptions,  procedures  and  conclusions 
appear  acceptable. 


External  Validity:1  These  equations  are  applicable  for  all  occupancies  within  Sweden. 
Extension  of  the  application  to  other  countries  does  not  appear  appropriate 
because  of  the  special  adjustments  for  Sweden. 


Utility:  The  equations  can  be  readily  used,  with  a  portable  calculator  required 
because  of  the  exponent.  Otherwise,  the  equations  are  not  too  complex. 
Knowledge  of  the  fire  area  and  hazard  of  the  occupancy  are  the  only  prerequi¬ 
sites  for  use. 
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Corlett,  R.C.  and  Williams,  F.A.,  "Modeling  Direct  Suppression  of  Opon  Fir**,'1 
Paper  presented  at  the  1975  Fall  Meeting  of  the  Western  States  Section  of 
the  Combustion  Institute,  Stanford  Research  Institute,  Menle  Park,  California, 
October  20-21,  1975. 

General  Discussion:  The  technique  presented  by  Corlett  &  Williams  la  strongly 
theoretically  baaed.  "Open  Flrea"  are  considered  in  this  technique,  e.g* 
outdoor  fires  or  fuel-control  fires.  Extinguishment  is  based  on  a  critical 
Froude  number,  which  is  a  fluid  mechanics  parameter  corresponding  to  the  flames 
being  self-sustaining  and  not  decaying.  This  analysis  considers  the  heat 
release  rate  and  the  heat  feedback  to  the  unburnt  fuel. 

Internal  Validity:  Sources  for  the  theoretical  foundation  are  Identified.  As¬ 
sumptions,  procedures  and  conclusions  are  appropriate. 

External  Validity:  This  technique  is  applicable  mostly  for  outdoor  fires.  Many 
indoor  fires  will  be  ventilation  controlled  and  outside  of  the  scope  of  this 
technlquo. 

Utility:  Data  is  not  readily  available  for  use  in  this  technique.  Values  for  the 

critical  Froude  number  have  not  been  identified,  nor  have  many  of  the  parameters 
needed  in  the  equations  been  calculated  for  a  wide  range  of  applications. 
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Factory  Insurance  Association,  "Attachment  to  Engineering  Council  Minutes," 

April  24-27,  1961,  (unpublished). 

General  Discussion:  This  technique  concentrates  on  the  adequacy  of  water  supplies 
for  mostly  industrial  occupancies.  The  criteria  depend  on  the  fire  area  and 
hasard  of  the  occupancy.  The  water  supply  requirements  is  divided  into  two 
segments  -  water  needed  for  sprinklers  and  water  for  hose  streams.  The  re¬ 
quirements  are  determined  from  the  use  of  appropriate  graphs. 

Internal  Validity t  Water  supply  requirements  were  established  by  surveying  45 
engineers  for  their  judgments  on  the  topic. 

External  Validity:  This  procedure  is  applicable  only  to  sprlnklered  properties. 

Utility:  The  technique  is  easily  used,  requiring  only  interpretation  of  the  graphs 
and  an  assessment  of  the  hasard  and  largest  fire  area. 
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Gage,  Babcock  and  Associates,  "Study  Report  on  UBC-UFC  Changes  Proposing  Building 
Regulation  Based  on  Water  Supply  and  Fire  Department  Capabilities",  Unpub¬ 
lished  report  for  National  Forest  Products  Association,  Washington,  D.C., 
January,  1977* 

General  Discuss ion;  This  calculation  procedure  was  developed  by  A.C.  Hutson  from 
his  judgment.  The  procedure  considers  the  area  and  height  of  the  building, 
construction  type,  occupancy  hasard,  sprinkler  and  other  fire  protection 
equipment  and  alse  of  the  fire  department.  A  range  of  acceptable  values  for 
presented  for  credits  and  charges,  requiring  a  large  degree  of  judgment  in 
determining  specific  values. 

Internal  Validity t  The  method  was  apparently  based  totally  on  "professional  judg¬ 
ment",  using  no  specific  technical  resources. 

External  Validity:  The  method  is  applicable  for  all  buildings  and  does  not  appear 
to  be  contradictory. 

Utility:  Data  is  not  readily  available  for  this  procedure,  requiring  professional 
judgment.  Only  low  analytical  skills  are  needed  for  application  of  the  pro¬ 
cedure. 


I£B£ 


International  Conference  of  Building  Officials ,  "Proposad  Coda  Change  to  Uniform 
Building  Coda  and  Uniform  Fira  Coda,"  Unpublishad  Raport  by  Was earn  Firs 
Chiafs  Association,  December  3,  1975. 

General  Discussion:  A  method  for  calculating  fira  flow  was  proposad  for  changes 
to  the  Uniform  Building  and  Fira  Coda  Committers.  The  fira  flow  would  con¬ 
sider  the  fira  area,  exposure  hasard  and  haiard  classification.  The  intant 
of  the  change  was  to  replace  maximum  areas  of  buildings  and  fire  rones  require¬ 
ments  with  requirements  of  an  adequate  water  supply  and  fire  suppression  man¬ 
power  to  be  capable  of  delivering  the  needed  fire  flow  for  a  particular  building. 

Internal  Validity:  Data  sources,  assumptions  and  procedures  are  not  noted  for 

formulation  of  exposure  and  hazard  factors  which  are  used  to  adjust  the  area 
of  the  building  with  the  resultant  quantity  somehow  related  to  the  required 
flow. 

External  Validity:  Inclusion  of  the  proposed  changes  with  the  remainder  of  the 

code  results  in  contradictions,  e.g.  the  maximum  allowable  area  of  the  building 
may  be  increased  by  sprinkler  protection,  however,  fire  flow  can  not  be  ad¬ 
justed  by  sprinklers,  resulting  in  an  area  higher  than  al.low.ed  by  the  fire 
flow.  Comparison  with  the  ISO  technique  illustrates  that  this  proposed  change 
produces  requirements  for  significantly  higher  fire  flows. 

Utility?  The  technique  is  readily  applied  requiring  few  analytical  skills.  Data 
needed  for  the  technique  is  readily  available. 
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Salsberg,  Frederick,  Fire  Paper taent  Operation*  Analyses.  Ulinoia  Institute  of 

Technology  Research  Institute,  for  Office  of  Civil  Defense,  Washington,  D.C., 

1970. 

General  Discussion:  Data  was  collected  from  134  fires  in  several  occupancy  types 

in  the  Chicago  area  to  determine  the  water  application  rate  needed  for  control, 
as  a  function  of  fire  area.  Reported  fires  were  of  differing  levels  of  magnitude, 
so  as  not  to  solely  concentrate  on  the  large- loss  fires.  Water  application  rates 
for  the  studied  fires  was  calculated  through  a  knowledge  of  length  and  diameter 
of  hose  utilised  and  calculated  nossle  pressure. 

The  fire  flow,  G,  is  calculated  by  one  of  the  following  equations: 

1)  Residential  Occupancies: 

G  -  9  x  10"s  A2  +  50  x  10“2  A 

2)  Non-Res id ential  Occupancies: 

G  -  1.3  x  10~*A2  +  42  x  10‘2  A 

These  equations  were  obtained  through  curve-fitting  of  the  available  data  points. 

The  investigation  noted  that  tactical  procedures  can  greatly  influence  the  ap¬ 
plication  rate  of  water  utilising,  e.g.  interior  versus  exterior  attack,  leading- 
off  with  large  diameter  rather  than  small  diameter  hose,  etc.  21  laboratory 
experiments  on  use  of  manual  streams  to  extinguish  compartment  fires  were  also 
reported,  for  comparison  purposes.  Analysis  of  this  experiment  indicated  that 
firefighter  training  and  comfort  were  key  parameters  in  determining  the  amount 
and  rate  of  water  used  and  the  observed  application  rates  by  IITRI  of  the  134 
actual  fires  was  approximately  double  the  rate  used  in  the  laboratory. 

Internal  Validity;  Data  is  collected  from  fire  incidents  of  various  magnitudes,  in 
various  occupancy  types.  Assumptions,  procedures  and  conclusions  appear  to  all 
be  appropriate.  Data  from  more  fire  incidents  would  help  to  validate  this  tech¬ 
nique. 

External  Validity:  Because  of  the  use  of  various  magnitudes  and  not  those  considered 
to  be  "worst  cases",  resultant  fire  flows  would  be  expected  to  be  lower  then 
those  from  other  equations  (however  this  is  not  the  case). 

Utility:  The  equations  can  be  readily  used,  only  requiring  a  knowledga  of  tha  oc¬ 
cupancy  type  and  potential  fire  area.  Calculation  can  be  performed  with  or 
without  the  use  of  a  portable  calculator. 
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Insurance  Services  Office,  "Guide  for  Determination  of  Fire  Flow",  ISO,  New  York, 
December,  1974. 

General  Discussion:  An  equation  for  fire  flow  wag  developed  after  an  analysis  of 
the  estimated  amount  of  water  utilised  on  1,450  actual  firer.  These  fires 
were  contained  only  in  ordinary  type  construction  buildings  and  were  fully- 
developed.  The  data  was  taken  from  fire  departments  throughout  the  country, 
thus  varying  fire  suppression  tactics  were  accounted  for  in  the  "curve-fitting" 
process.  The  resulting  equation  is: 

G  -  18  C  (A)0*5 

where  C  is  related  to  the  construction  type  and  A  is  the  area  of  the  building. 

The  required  flow,  G,  is  adjusted  for  occupancy  hazard,  prasensa  of  sprinkler 
protection  and  exposure  hazards. 

Internal  Validity:  The  data  source  was  identified  as  1,450  fire  reports.  The  ac¬ 
curacy  of  the  measurement  of  water  usage  by  the  fire  departments  is  questioned, 
thereby  questioning  the  validity  of  the  data.  Assumptions  and  procedures  utilized 
appear  to  be  proper. 

External  Validity:  The  equation  is  applicable  to  all  buildings  and  does  not  appear 
to  be  contradictory. 

Utility:  The  equation  is  easily  used,  with  data  being  readily  available  and  (he 
calculation  being  simplistic  in  nature. 


Roger,  Keith  and  Nelson,  F.W.,  "Water  for  Fire  Fighting",  Iowa  State  University 
Bulletin,  Vol.  LXV,  No.  18,  1967. 

General  Diacuealon:  This  technique  for  computation  of  fire  flow*  G,  1st 
G  «  Volume  of  space  *  100 

This  equation  was  derived  after  a  study  of  compartment  fires  and  performance 
of  several  experiments.  The  equation  is  based  on  combustion  in  a  compartment 
bfting  dependent  on  the  available  oxygen  supply  and  the  vaporisation  of  water 
into  stream.  The  expansion  ratio  of  water  to  steam  is  considered  to  assess 
the  capability  of  vaporising  water  to  displace  oxygen.  Time- temperature  curves 
are  analysed  to  determine  optimal  rates  of  water  application,  for  which  steam 
generation  will  be  a  maximum. 

Internal  Validity:  Several  Danish  studies  are  referenced  for  theoretical  and 
statistical  bases.  Assumptions  and  procedures  appear  to  be  appropriate. 

External  Validity:  This  technique  appears  to  be  appropriate  for  well-compartmented 
buildings  because  of  the  dependence  on  a  limited  oxygen  supply.  The  technique 
does  not  appear  to  be  contradictory. 

Utility:  The  method  is  easily  used,  requiring  low  analytical  skills  and  only  a 
knowledge  of  the  volume  of  the  fire  area. 


MILKE 


Milk®,  J.A.,  "A  Theoretical  Analysis  Procedure  to  Determine  Building  Fire  Flow 

Estimates",  Department  of  Fire  Protection  Engineering,  University  of  Maryland, 
1976,  Unpublished  paper. 

General  Discussion:  The  technique  suggested  in  this  method  is  theoretically  based. 

The  major  consideration  is  absorption  of  the  heat  produced  by  the  fire  through 
vaporisation  of  water.  The  rate  of  heat  release  is  obtained  by  dividing  the 
total  heat  release  by  the  theoretical  fire  duration.  Rate  of  water  applica¬ 
tion  is  also  determined  by  the  total  amount  of  water  required,  divided  by  the 
theoretical  fire  duration.  An  adjustment  for  potential  exposure  hazards  is  also 
included . 

Internal  Validity;  The  sources  for  the  theoretical  basis  are  identified  and  generally 
properly  used.  Incident  radiation  on  exposures  is  not  properly  addressed,  with 
the  configuration  factor  not  properly  computed.  The  theory  utilized  on  com¬ 
partment  fires  is  limited  to  ventilation-controlled  fires,  which  is  not  identified 
and  cannot  be  assumed  to  be  the  case  for  all  building  fires. 

External  Validity:  The  technique  i9  applicable  only  to  well-compartmented  buildings 
because  of  the  theory  on  ventilation-controlled  fires.  The  method  does  not 
appear  to  be  contradictory. 

Utility;  The  technique  requires  some  analytical  skill,  though  with  the  assistance 
of  a  portable  calculator,  calculations  can  be  readily  performed.  Data  is  gen¬ 
erally  available  for  the  method  to  be  readily  utilized. 
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Association  of  Mutual  Fire  Insurance  Engineers,  Simplified  Water  Supply  Testing,  2nd 
Edition,  Federation  of  Mutual  Fire  Insurance  Companies,  Chicago,  1958. 

General  Discussion:  The  required  fire  flow  is  determined  using  one  of  twu  tables. 

The  proper  table  is  selected  according  to  the  construction  type  of  the  building. 
Each  table  relates  the  ground  floor  area  and  height  of  the  building  with  the 
occupancy  hazard  (divided  into  six  classes)  and  the  height  of  the  stored  com¬ 
bustibles.  The  fire  flow  is  given  in  units  of  hose  streams,  which  must  deliver 
250  gpm  at  50  psi  each. 

Internal  Validity;  Data,  assumptions  and  scientific  techniques  used  for  the  tabula¬ 
tion  are  not  noted,  though  the  insurance  industry  typically  utilizes  loss  ex¬ 
perience  for  the  development  of  requirements. 

External  Validity;  The  tables  are  applicable  to  any  building. 

Utility:  The  tables  are  readily  used  after  an  assessment  of  the  size,  height  and 
construction  type  of  the  building;  and  hazard  of  the  contents. 
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THOMAS 

Thomas,  M.A.,  "Tha  Usa  of  Water  in  tha  Extinction  of  Large  Fires,  Institution  of 
Fire  Engineers  Quarterly.  July-Septerabar,  1959. 

Ganaral  Discussion:  This  aquation  for  flra  flow  was  developed  as  «  raault  of  a 

survey  of  48  large  fires  in  various  areas  of  the  United  Kingdom.  Tha  aquation 
is: 

J  -  0,1  /k 

where  "J"  is  tha  number  of  hose  streams  (J.O  liter/ sec)  and  "A"  is  tha  area  of 
tha  flra  compartment  in  square  meters.  Thu  fire  flow  in  GPM  with  'A'  in  square 
feat  la: 

G  -  4.76  /K 

Internal  Validity:  The  data  source  ia  identified  as  the  48  fires.  Assumptions  and 
procedures  for  the  statistical  analysis  appear  to  be  appropriate. 

External  Validity;  This  equation  was  derived  for  fires  in  the  United  Kingdom.  Tha 
applicability  to  United  States  conditions  Is  not  known  and  is  questioned  be¬ 
cause  of  the  large  difference  in  these  empirically  derived  results  with  those 
obtained  in  U.S.  fires  by  ISO  and  IITRI, 

Utility:  The  equation  is  easily  used  with  only  a  knowledge  of  the  fire  area  as  a 
prerequisite. 
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